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AP.OLOGT, 


It is with* the profoundest diffid4<* that I set forty 
ttys book. My best excuse for its publication now may 
probably be fttftnd in the circumstances under which 
I h!lve beeh induced at last to rush into print with it. 
The w«fft has lain by me for nearly double the time 
prescribed in the familiar Horatian maxim. Some 
fourteen years ago, when I was head of a Government 
college in Jamaica, the perusal of certain dynamical 
treatises of Clerk^faxweU’s, Tait’s, Balfour Stewart’s, 
and Helmholti’s, suggested to my > mind sundry pro- 
found difficifities in the current conception of the 
nature of Energy. , Puzzling out these difficulties 
conscientiously with myself, as best I might, I began 
at length to see, or think I saw, a way out of them 
by means of a new theory of my own. This theory, 
which, right or wrong, gradually grew clear to my 
mental vision, I embodied in a little twenty-page 
pamphlet bearing the same title as the present Work, 
and printed privately at Oxford in 1875 for distribu- 
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tion to a few physical specialists. Not many of the 
specialists, I fehr, looked a* my lucifbrations : those 
who did returned 11 ft; one or ot^er of two apparently 
contradictory Criticisms. Some of them said my theory 
was only jujst what was already kpown and universally 
acknowledged. .Others of. them* said it was diame- 
trically opposed to what was.already known, and be- 
trayed an elementary ignorance of the entire matter. 
'Jo the ignorance tms imputed I will candidly plead 
guilty, and will proceed to explain why, in spite of jj, 
I have ventured after «so long a lapse* fi time to ob- 
trude my speculations upon a learned audience. 

In 1877 I returned once move definitefyfc to the 
subject, in which my interest «had never in any way 
declined, and, mainly for the sake of clarifying and 
systematising my own conceptions, worked out my 
nebulous ideas in full in the present treatise.* But 
finding from the reception accorded to my tentative 
little pamphlet that physicists were not. likely (then, 
if ever) t to admit my contention, and convinced that 
they knew a great deal more about the matter at 
stake than I did, I put the completed manuscript 
severely away in my desk, where it has remained ever 
since in peace and quiet among a great many more 
rejected juvenile performances. There it might have 
remained to all time but for an accidental coincidence 
which happened a few years back. 
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The coiucidefice came about in this way. My 
friend Edward ftlodd submitted to m<? in the summer 
of 1885 -the first rough sketch *>f his recent ftork * The 
Story of Creation.’ In discussing witlf him the out- 
line of that book, anfi especially certain points con- 
nected with his conception of Force there efnbodied, 
I found he had lighted, upon some of the self-same 
fundamental difficulties which had originally led me 
to the views set forth an this Me volume. In tfjf 
cpurse of our conversations on these moot questions 
L ventured vl*^ gently to hint at my own heresies, 

while disclaiming any desire to poison his mind with 

* | 

them : ^ftdeed, so anxious was I not to mislead my 
friend in this matter that it was with great reluctance 
I at last Consented to fend him the old and crumpled 
manuscript of my early essay. On reading it over, he 
told cae it had entirely dissipated his difficulties, and 
had set the whole question for hmi in a new light. 
Furthermore? to my unfeigned dismay and distress, 
he announced that lip intended to embody the theory 
in outline in the dynamical portion of his forthcoming 
work. Much alarmed, I endeavoured to dissuade him 
from so rash a course, seeing that like myself he was 
no physicist, and that the doctrine was new, strange, 
and heterodox : but so great was his confidence in the 
truth of the theory that my protests fell flat upon un- 
willing ear#. He incorporated the heretical conception 
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in' The Story of Creation,’ and, as I feared beforehand, 
suffered not a Tittle for his generous tashness at the 
hands of fhe critics.* 

A monomaniac who has found one other person 
to share his monomania might pgrhaps have been ex- 
cused for jumping to the conclusion that the rest of 
the world would probably give him a fair hearing. But 
I was far too afcaid of mathematical opinion to.venture 
oven so upon publ^fting my probably crude and in- 
correct ideas. I still refrained from any attempt \p 
print my book,' till I saw that the atfhgks upon M*. 
Clodd’s position almost made it a point of honoui* for 
me to lay the facts in their integrity before file judg- 
ment of the scientific world. It was not right my 
friend should suffer for my own transgressibn. Cri- 
ticism was levelled at the necessarily brief and bald 
abstract he had given of what I may venture bo call 
our joint opinion thought it only proper, in justice 
to him, that the theory as a whole shotJld be put in 
evidence for the jury of experts to examine and 
decide upon. I don’t for a moment suppose they will 
take the trouble to look into it at all : but at any 
rate I have now discharged my duty — liberavi animam 
meam — the evidence is here, and who will may con- 
sider it. 

Nobody could be more sensible than I am how 
little likely it is that a mere amateur shoifld hit upon 
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a true generalisation in science missed by tjie recog- 
nised leaders of physical thought. For this reason, I 
would never have published my treatise at* all (pro- 
foundly as I myself btlieve in it) hatl it'not been for 
Mr. Clodd’s intervention, with its remoter consequences. 
As it is, however, 1 may plead in extenuation this 
further excuse. The tliOyglits one entertains, says the 
greatest of living English thinkers, are as^children bom 
to one tfliiph one may pot williafly let die. Tlier^ 
ean be no harm, therefore, in putting them forth to 
the world, in ^tentative way, jvith all due modesty, 
prowled always it is clearly understood that they are 
•put for(J*»as suggestions alone, for wiser heads to ac- 
cept or reject at leisure. If perchance it should 
happen that one has ifideed hit almost by accident 
upon a true and luminous principle, one owes it to 
humayity to set ftiat principle forward at once, in 
spite of the natural fear of criticism and ridicule. 
The would-bar discoverer is probably wrong : but 
when by any stroke of luck he chances to be right, it 
is for the good of the world that he should publish 
his discovery. In this light, therefore, I venture to 
beg the professional critic to examine my work. It 
pretends to be no more than a suggestion, an aperqu , 
an attempt at a theory : I ask for it nothing better 
than honest consideration : for if this counsel or this 
work be of men, it will come to nought : and I have 
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no* desire /o aid h\ the promulgation or division of 
error. 

For the same reason, I will not apologise for the 
seemingly dogmatic mould in wuiicli the treatise itself 
is cast. Being nothing more tlihn an endeavour 
to express in words' the fundamental dynamical con- 
stitution of the universe, a% It envisages itself to a 
particular imjuirer, 1 have thought it best to use the 
purely impersonal form, and state each proposition 
as simple fact, leaving the reader to bear in mind for 
himself throughout, tjyxt the whole ^suggestion gr 
conception merely. 

At the same time, I sincerely trust •scientific- 
readers (if I am fortunate enqugli to attract any) will 
approach the theory with ait unbiassed mind, and 
instead of rejecting it offhand at the first glance, be- 
cause its conceptions do not agree ^ ith those to.which 
they are already accustomed, will do me the justice 
to read it through before deciding, Vmd to place 
themselves as far as possible in sympathy with my 
point of view. I grant at once that the idea of Energy 
they will here find embodied is not at all the idea 
hitherto framed by men of science. It is a new idea ; 
and that is exactly why I have written this little 
treatise. It I am right (as I probably am not) our 
concepts of Energy will have to undergo a consider- 
able revision, Ihat being just the question at issue 
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here, I hope readers will duly consider jt, instead 
of taking the ourrent view dogmatically for granted, 
and crushing me bv poyiting out that itiine does 
not coincide with it; A petitio priitcipii is no re- 
futation. 

The long time I have kept this treatise by me 
unpublished ought to* gupply sufficient proof of the 
extreme timidity with which I myself regard it. 
That timidity may perhaps be showed to protect qje 
from harsh, unkindly, and contemptuous criticism. 
If I am wrong? of course, I shg,ll expect to be frankly 

J 

told so : I* shall accept demonstration of my mistakes 
and mjsfconceptions with a good grace? Naturally, I 
shall continue still to think myself right : it is not in 
human nature to do ^otherwise : the theory has too 
long interwoven itself into all my conceptions of the 
physical world to be easily rooted out of the fibres of 
my brain now after so many years. But having once 
consented tflf trot out my little heresy unwillingly 
before the eyes of the world, I shall drop it in public 
henceforth and for ever. I will make no angry 
replies to authoritative expositions of my blunders or 
errors : I will abstain from imitating the common 
paradox-monger, who, hardened in his obliquity, sees 
only unfair attacks and unworthy motives in demon- 
strative criticism. ‘ I’m not a-arguin’ with you ; I’m 
only a-telliu’ of you,’ said a pothouse politician to an 
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ol/tuse friend. I don’t expect to be argued with : I 
shall be satisfidfl to be told. 


Undef these cirt*umstajiceS|and in consideration 
of previous g(?od conduct, I earnestly trust the court 


of scientific opinion will let me pff with a caution or 
a nominal fine. . My promise never to recur to the 


subject again may surely in such a case be counted 


to me for righteousness. At a certain college exami- 
nation, where pro^f of age*was required from all 


intending candidates, a certain colonial-born under- 
graduate brought withthim perforce %is only docu- 
mentary evidence, a certificate of baptism. The 
examiner, a well-known heterodoxrdon, glance# at the 


ecclesiastical certificate curiously. ‘ How’s this ? ’ 
he asked in a hurried voice. ‘How’s this?* You’ve 


been baptised, sir?’ The luckless undergraduate 
timidly stammered out that it was a mistake due to 
the imperfect registration system of his native land. 
* Il’m,’ snorted the examiner : ‘ oh, xerf well, then : 
as you were baptised by mistake it won’t be allowed 
to tell against you.’ May I venture to express a 
humble hope that on this occasion too a heresy 
extorted from me under such peculiar circumstances 
will not be allowed to tell against my character ? 
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Part I. 

ABSTRACT OR ANALYTIC 




CHAPTER I. 

POWER. 


A power is that which initiates or terminates, ac- 
(‘derates or retards, motion in one or more particles 
of ponderable matter or of the ethereal medium. 

Pojyer, as here, understood, is thus? the widest of 
all possible dynamical conceptions. It cannot be 
defined by genus and* differentia, because it is itself 
the summum genus of dynamical science. Accord- 
ingly, it will be'observed that no attempt is made 
above to assign it to any higher class, such as things , 
entities, or cdhc.epts. Nothing would be gained, for 
example, by saying that a power is the tendency to 
initiate or terminate motion : it is best described by 
the indefinite statement given at the head of this 
chapter. It is simply that which produces or destroys , 
increases or lessens, motion in any particle or particles 
of any substance whatsoever cognisable by man. 

Towers are of two sorts, Forces and Energies, the 
differences, between which will be fully set forth in 
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subsequent chapters. Meanwhile, as a help to the 

provisional comprehension of the nature of Power, 

which can scarcely l?e grasped first in the abstract 

terms of our ibrmal definition, it may be mentioned 

that amongst the varieties of Fuwe^are such Forces 
• . * • . 
as Gravitation, , Cohesion, and Chemical Affinity, 

besides such Energies as Heats "Electricity, and Light. 

These expressions are here employed in their popular 

s^.ise, merely as glides to tlie sort of eoMcept pro- 

visionally set forward for the term Power, until thg 

snbsecpieiit investigatkui has rending possible a 

more, rational and comprehensive notion in the mind 

of the reader. 
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FORCE. 

A forms is a Power which initiates or accelerates 
aggregative motion, while it resists or retards separa- 
tive motion, in two or more particles of ponderable 
matter (and possibly also of the ethereal medium). 

All .particles possess the Power of attracting one 
another — in other words, of setting up mutually 
aggregative motion — unless prevented by some other 
Power of an opposite nature. Thus a body suspended 
freely in the air is attracted towards the earth by the 
Force (or aggregative Power) known as Gravitation. 
A piece of ^j»gar, held close over a cup of tea, attracts 
into itself the water of the tea-cup, by the Force (or 
aggregative Power)* known as Capillarity. * A spoon 
left in tea grounds or a foot planted on the moist 
sand similarly attracts the neighbouring drops. A 
piece of iron or coal exposed to free oxygen (each at 
a certain fixed temperature) attracts the particles of 
oxygen by the Force known as Chemical Affinity. In 
every case there must be an absence of counteracting 
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Energies (or separative Powers) sufficient to prevent 
the union of the*particles, as }vill be shown liereafter : 
but for the present jt \vill be enough to notice that 
every particle attracts every ot^er particle in some 
one of various ways, unless presented by other 
Powers . 1 • 

Not only, however, do all "particles thus attract 
one another, but they also resist all attempts to 
separate them froifct one another. A weight sus- 
pended in the air falls to the ground : but it also resists 
any attempt to remove jt from the ground, which can, 
only be done by the employment o*T a proportionate 
Energy (or separative Power). The water whj^h the 
suaar lias absorbed can onlv be drawn from it bv the 
Energy of suction. The oxygen with which the iron 
has united can only be driven off by the Energy of 
heat : while the carbonic anhydride find water which 
resulted from the burning of the coal yield only as a 
rule to the separative Energy of light oft electricity. 

In every case the Force which brought two or more 
• 1 n 
particles together in the first instance keeps them 

united ever after, and must be neutralised by an 

equal Power of an opposite description before they 

can be disjoined. 

1 The term ‘to attract’ must bo strictly accepted in tlic sense of 
actually setting up aggregative motion, not merely in that of a tendency 
to such motion. r lhe tendency always subsists, in spite of counteract- 
ing causes, and is immediately actualised upon their removal. 
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CHAPTER III. 

ENBKGY. 

An Energy is a power which resists or retards 
aggregative potion, while it ^initiates or accelerates 
separative motion, in two or more particles of ponder- 
able ingjter or of the ethereal medium. 

All particles, or aggregates of particles, not ac- 
tually in contact with ofte another in stable equilibrium 
at the absolute zero of temperature, are kept apart by 
an Energy or sej&rative Power of some sort, which 
prevents them from aggregating as they would other- 
wise do uncWb the influence of tile Forces inherent 
in them. Thus the moon is prevented from falling 
upon the earth, and the earth from falling into the 
sun, by the Energy of their respective orbital motions. 
A ball shot from a cannon into the air is prevented 
from falling by the Energy of its upward flight. A 
red-hot poker has its particles kept apart by the 
Energy of heat. In every case, so soon as the Energy 
is dissipate*! (as hereafter explained) the ball yields to 
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the aggregative £ower of Gravitation, and the poker 
contracts to its ordinary dimensions ; while there is 
no reason to doubt* that njader similar circumstances 
the moon arid the earth will aggregate with the sun. 
The particles of water are kept in'flie liquid state by 
the Energy known as latent heat, 1 and so are thost; 
of steam : when the ‘ latent heat ’ is dissipated, the 
steam condenses and the water freezes. T^iere are 
piany apparent exceptions ;«but they wilf be con- 
sidered at later stages of the argument. For tjie 
present, the reader ppist be content /.o understand 
the word Energy (when used in this treatise) only in 
the sense lie‘re given to it of a i’ower whiftk resists 
or retards aggregation. 

Energies also initiate separative motiorts. Thus, 
a cannon ball is raised by Energy to a distance from 
the main mass of the earth w hick usually holds it 
bound by Gravitation on its surface. A poker placed 
in the fire has its particles separated frofri one another 
by the Energy of Heat. When^ice melts or water is 
converted into steam, the same Energy similarly sevens 
their particles from one another and places them in 
positions of relative freedom. In the electrolysis of 
water the Energy of the galvanic current tears asunder 
the atoms of hydrogen and oxygen from their close 

I continue to employ for the present this well-known but very 
incorrect expression. 
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union in the compound molecule. Ip short, vherevw 
we see masses or particles in the act^of separating 
from one another, we know, tliai the separation is due 
to some Energy. 
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CHAPTER IV. 

» 

THE SPECIES* OF FORCE. 

JForcks may be m<?St conveniently divide*! according 
to the nature of the particles or bodies in which they 
initiate and accelerate aggregative motion or resist aryl 
retard separative motion. Of these,, there are four 
principal kinds known to us of conjectured by us. 
The first kind is the Mass ov visible aggregation of 
particles, which admits of mechanical separation into 
minor masses. The second kind is the Molecule, or 
ultimate mechanical unit, which does not admit of 
subdivision, except by resolution into its chemical 
components. The third kind is the Atom, or ultimate 
chemical unit, which does not admit of subdivision by 
any known means, though it may perhaps be resoluble 
hereafter into some simpler and more primitive units. 
The fourth is the Electrical Unit , 1 whose nature is 
very inadequately known to us, but which must be 
considered lor our present purpose as in some way 

1 This conception of electrical units is provisional and pnroly sym- 
bolical ; but its use will be apparent in later chapters.* 
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the analogue of the others, though we have np suffi- 
cient warrant for giving it any material properties. 

The Force which aggregates l^as^es and resists the 
separation of Masses is klown as Gravitation. When 
any two Masses areieft free to act ppon one another 
without the counteracting influence? of an Energy, 
they aggregate in obedience to this Power. When 
the cannon ball falls upon the earth, it is Gravitation 
which draw's tjiem together, Wliendfti aerolite comes 
within the circle of the earth’s attraction, it is Gravi- 
tatipn which mahts them leap towards one another. 
If the moon were to lose its orbital Energy, Gravita- 
tion woul^pull it to the earth ; and if ouf planet in 
her turn were suddenly checked in her course. Gravi- 
tation would cause her to plunge into the sun, while 
the sun in return would make a slight bound to meet 
her. Again, wheit any two Masses are in a state 
of aggregation, the Force of Gravitation resists any 
attempt to seveifthem. If the cannon ball lies upon 
the ground, it cannot be raised without an expenditure 
of Energy, and the amount of the Energy required 
to lift it to a given height (or distance from the surface 
of the earth) is the measure of the resistance offered 
by Gravitation. Similarly, when the Masses are not in 
actual contact owing to the existence of an Energy 
which keeps them apart, as in the case of the earth 
and her satellite, or the sun and the planets, Gravi- 
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* tation resists aqy attempt to sever them beyond their 
actual distaftces. It woyld be impossible to remove 
the moon a hundred yules from the earth, or the 
earth a hundred miles from tlie sun, except by the 
employment of :yt adequate Energy ; and, as in the 
simpler case^the amount of Energy required would 
be the measure of resistance offered by Gravitation. 

The Force which aggregates Molecules and resists 

• I 

the separation M Molecules is known, a& Cohesion! 
When any two Molecules are left free to act upon 
one another without # tlie counteracting influence 0/ an 
Energy, they aggregate in obedience to this Power. 
But the cJLses are much more diflicult illustrate 
than those of gravitation, because while masses attract 
one another powerfully at \*ery conspicuous distances, 
Molecules (practically speaking) only attract one 
another at infinitesimal distances. The difference, 
however, which is purely relative, may thus be illus- 
trated and explained. An aerolite iShiot drawn on to 
the earth unless it approaches the earth very closely, 
because otherwise the earth’s at traction, though caus- 
ing a deviation in its course, does not suffice to over- 
come the aerolite’s energy and the combined attrac- 
tions of surrounding bodies. But if it be near enough 
to be more powerful than all of them put together , 1 

1 I take for granted on tliu reader’s part a knowledge of tlie law of 
inverse squares. 
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tlie aerolite either circles round the earth as 4 satel- 
lite or even falls at*once upon its surface. Similarly 
with Cohesion. If two pieces of jin^ven iron he laid 
upon one another, the molecules do nofr approach 

near enough to exert any conspicuous mutual in- 
• # • • 
fluence : but if tlie two pieces bb planed to an 

absolute smoothness, so that the several molecules 
can come within the sphere of their mutual attraction, 
they will cblipre perfectly and it J>e impossible 
to tear them asunder. Again, in other cases. Cohesion 
ean t only be effjjjwted by such a^ molecular motion 
(or heat) as will cause the Molecules to approach 
one apothgp closer thjm they can be induced to do 
by mechanical means: just as an aerolite which 
would not • under ordinary circumstances come 
(practically speaking) within the sphere of the 
earth’s attraction, ml^ht do so if it were given an os- 
cillating motion from side to side, so as to cross or 
closely approach some portion of the earth’s orbit. 
Thus, two pieces of iron, if heated, will cohere with 
one another. Furthermore, the molecular motion 
inherent in the liquid form is often sufficient for this 
purpose : thus, two masses of dough, which will not 
cohere in the dry condition, can be made to do so by 
the addition of moisture. In the practice of gumming 
and glueing, we make use of this device in everyday 
life. A further account of these phenomena will be 
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given the chapter on Liberating Energies. The 

second property of Cohesion, that of resisting the 

separation of Moleaules, actually aggregated, is much 

more familiar to us. If tvfo Molecules or bodies of 

Molecules are in jn aggregated condition — that is, are 
* ♦ # • 
not rendered plastic or liquid or gaseous by some 

form of Energy — we cannot separate them without a 
considerable expenditure of Energy. The Energy 
may be in tlidfeform o£ a meclianiyal* action, ah 
when we tear or break a cohering substance ; or of 
heat, as when we melt lead ; or of tire contained motion 
of liquids, as when we dissolve a lump of sugar. 
But in any case Energy must be expendedjk) counter- 
act the aggregative Force pf Cohesion in solid bodies. 

A qualification must bemadded to prevent miscon- 
ception. The cohering Molecules need not be sup- 
posed to be in actual physical contact with one 
another. It is sufficient that they should be within 
the sphere of one another’s attraction ; just as the 
moon is kept in its place by the earth, and the 
planets by the sun, in spite of the intervening space. 
Theoretically, of course, every body in the universe 
attracts every other ; but as the attraction decreases 
as the squares of the distance, at practically infinite 
distances it becomes practically infinitesimal and can 
be overcome by an infinitesimal Energy. This is 
the case ordinarily with Cohesion : very slight 
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distances' its Force is so diminished that only, an im* 
perceptible amount of Energy is required to counter- 
act it. But there is no reason tg doubt that when 
the two rough pieces !>f iron are laid upon one an- 
other, the supporting points, so to gpeak, come within 
the sphere of mutual Attraction, thoftgh their number 
and area are so small that we cannot perceive the re- 
sistance resulting from their Cohesion when we sepa- 
rate the pieces. In short, Cohesion always tends to act, 
between all Molecules, but its effects may be dis- 
.guised either by ^stance or by counteracting Energies. 
Other cases, will be treated in the chapter on 
Mutual Interference, of Forces. Adhesion and 
Capillarity are only forms of Cohesion. 

The Force which aggregates Atoms and resists 
the separation of Atoms is known as Chemical 
Affinity. As here*employed it will be understood 
to mean not merely the Force which unites the 
Atoms of twojer more elements into a compound 
molecule, but also the identical Force which unites 

O 

two or more Atoms of the same element into a mole- 
cule such as that of ozone. When any two or 
more Atoms (or equivalents in combining propor- 
tions) are left free to act upon one another without 
the counteracting influence of an Energy, they aggre- 
gate in obedience to this Power. As in the case of 
cohesion, however, the Atoms must be brought into 
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close contact with one another. When phosphorus 
is exposed to oxygen the aggregation is immediate. 
But in, other casps ,a certain amount of molecular 
or Atomic cnotion is needecf in order to bring the 
Atoms within the sphere of tlie?r % mutual attractions. 
Thus heat is necessary to make* carbon combine with 

f • 

oxygen, as in the ordinary .phenomenon of combus- 
tion : while the more subtle motion of light suffices 
to effect a union^J)etween t hydrogen and? chlorine. 
But we may broadly assert that whenever free Atoms 
find themselves in the presence of*a free Atom for. 
which they have affinities (thfe proper, proportions 
being of course supposed), and are* brought within 
the sphere of their mutual attraction, the two Atoms 
or sets of Atoms aggregate under the influence of 
Chemical Attraction. Here, again, a qualification 
is needed. The above rule holdsOnly for free Atoms. 
Just as a ball suspended by a rope from the ceiling 
does not fall to the ground, beeauag the Force of 
cohesion outbalances the Force of gravitation, so, 
when two or more Atoms, united in stable combina- 
tion, are brought into contact with other Atoms for 
which they have affinities less strong than those of 
their existing combination, they will not yield up their 
stronger to their weaker affinity. (See the subsequent 
chapter on Mutual Interference of Forces.) And 
again, just as the ball will break (lie rope, if gravita- 
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tion outbalances cohesion ; so, if the new affinities 
are stronger than the old ones, the Atoms will yield 
up their previous combination .and enter i»to that 
to which they are mos^powerfully attracted. The 
second mode in which Chemical Affinity acts is in re- 
sisting the attempt to separate the Component ‘Atoms 
of a compound body. Setting aside for the present 
certain very abnormal cases in which # ‘ unstable ’ 
bodies spontaneously de^ompose-^cases which can^ 
only be explained at a very late stage of our exposi- 
• tion — all ordinary ‘ stable ; compounds require an 
Energy to separate tlieir Atoms. Thus heat is needed 
to divide # the Atoms of oxygen from thoSfe of iron in 
ferric oxide : while electricity is necessary to sever 
the Atoms of hydrogen from those of oxygen in 
water. This statement must be understood as apply- 
ing only to the serration of free elements, not the 
formation of new compounds. Mere juxtaposition is 
sufficient to nynke certain compound bodies yield up 
their weaker affinities in the presence of stronger 
ones : but (with the special exception noted above, 
chiefly referring to organic compounds) an Energy is . 
required to separate any compound into its compo- 
nent Atoms in a free state, without the aid of stronger 
antagonistic affinities. 

The Force which aggregates Electrical Units and 
resists the separation of Electrical Units is known as 


c 
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Electrical Affinity. This Force is little understood, 
and can only* be treated in a very symbolical manner. 
What few points ga lg be formulated are briefly these. 
When Positive and Negative Electricities are left free 
to act within the sphere of theif jnutual attractions, 
they me aggregated by this Forte, as in the discharge 
of a Leyden jar. In saying this, no implication of 
materiality is meant to be conveyed. In our present 
ignorance on the%nil>ject, Electrical Affinity must be 
placed in the same category as other Forces ; though 
further researches will doubtless e#able us to give* 
a better account of its real nature. Similarly, an 
Energy is necessary to separate t*he Fa^itive and 
Negative Electricities which subsist in combination in 
every material body. In the case of a glass rod or 
an electrical machine this Energy is that of mechani- 
cal motion: in certain other case# it is of thermal or 
chemical origin. These points will receive further 
consideration in the chapter on Electri%al Phenomena. 

A table will put in a clearer light the classification 
here adopted. 


Forces or Aggregative Powers. 


Molar 

Molecular 

Atomic 

Electric 

Gravitation 

Cohesion 

Chemical Affinity 

Electrical Affinity 
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CHAPTER V. 

TUB SPECIES OF ENERGY. 

Energies may be most conveniently divided on the 
same principle % us Forces, according to the nature 
of the particles of bodies in which they initiate or 
accelerate separative motion, and resist or retard 
aggregative motion. Bi,it owing to the existence of 
two modes* of Energy, the Potential and the Kinetic, 
whose peculiarities will form the subject of our next 
chapter, it will n^t be possible to assign a single 
definite name to each species, as was the case with 
the various Fcfces. It must suffice for the present to 
quote a few well-known instances of each. 

The energies which separate Masses and resist the 
aggregation of Masses may be summed up under the 
title of Moi.ar Energies. 1 Of Molar Energies em- 
ployed in actual separation, a familiar instance is 

1 We shall see hereafter that these species are in reality just as 
simple as those of Forces; but for the reader’s convenience they are 
exhibited here under familiar aspects, which give them an appearance 
of plurality and Ihdefiniteness. 

c 2 
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given in* our own* persons, when we lift a weight from 
the ground or carry ourselves to the top of a hill, 
thereby "counteracting the? Mol|r Force of gravitation 
by raising a body to a greater instance than before 
from the centre of* the earth’s attraction. Another 

t * % 

instance is seenji in a cannon ball fired vertically, or 
a stone lifted by a crane. » *0n a larger scale, any 
fresh Energy employed in removing the moon further 
(from the earth or a plaifet from the* sun would 
be a Molar Energy. Any Mass thus separated from 
another attracting Macs is said in .the current language ' 
of physics to possess Visible Energy o£ Position, a term 

t n 

which we shall examine and endeavour fc amend 
hereafter. Of Molar Energies employed in resist- 
ance to aggregation the mosf familiar instance is that 
of orbital movement. The moon^is prevented by this 
Energy from aggregating with the earth, and the 
planets with the sun, as they would otherwise do 
under the influence of Molar Force or gravitation. 
On a smaller scale, the Energy of a bird in flying or 
a cannon ball fired horizontally is largely employed 
in counteracting gravitation. It is seldom, however, 
that we see Energy thus employed, except in the 
case of the heavenly bodies, because the Molar Force 
exerted by the earth in its immediate vicinity is so 
strong as to overcome ordinary Energies after a very 
short period of dissipation. Masses of ihe sort here 



21 


THE SPECIMS OF ENERGY 

described are said in the current phraseology to 
possess Energy of Visible Motion, whigli expression, 
like the former one, will receive attention at a later 
point. 

The Energies which separate Molecules and resist 

• • 

the aggregation of Molecules may be sdmijied up 
under the title of Molecular Energies. Of Mole- 
cular Energies employed in separation we have a 
common ^instance in heat, whicl^ draws apart the 
Molecules of a red-hot poker or a mass of boiling 
water, in opposition to the Molecular Force of Cohe- 
sion. The contained Energy of water acts in the same 
manner on a lump of sugar or a mass of dry dough. 
Of Molecular Energies employed in resistance to 
aggregation, heat uml^r its converse aspect affords 
us an example. The Molecules of all bodies are 
prevented from segregating into their most com- 
pressed form by the presence of heat. Thus the red- 
hot poker onl^' contracts so fast as it loses its Energy 
by radiation. The contained Energy (or ‘latent 
heat ’) of water similarly prevents its aggregation into 
ice. Large masses of water before freezing part .with 
their Energy in the visible form of heated mist. 

The Energies which separate Atoms and resist the 
aggregation of Atoms may be summed up under the 
title of Chemical Energies. A caution as to the 
sense in which this term must be here accepted is 
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appended below. Of’Chemical Energies employed 
in separation yre iiave an instance ip the electrolysis 
of water. The Energy disengaged by the union of 
elements in ( the battery is iwed up in producing 
chemical separation between the atoms of the electro- 
lyte. flight produces a similar effect upon carbohic 
anhydride and 'water in the leaves of plants. Any 
Energy which separates a compound body into simpler 
or elementary bodifjs may be regarded as a Chemical 
Energy in the sense here intended. Of Chemical 
Energies employed in resistance to aggregation, no 
unequivocal instance* can be cited at our present 
stage, though this apparent anomaly Will lie cleared 
up as we proceed. For the time the reader must be 

c 

content to accept as an instance the fact tjiat many 
Atoms will not combine with one another at a certain 
high temperature : the same temperature, in fact, at 
which they are driven off from their combination 
when actual. It will be noticed thaf . for the sake 
of uniformity, a somewhat new sense has here been 
given to the term ‘ Chemical Energy.’ As ordinarily 
used at present, that term refers to the strength of 
the tendency which a body shows to unite with other 
bodies. It will be seen in the sequel that this is 
really a property depending upon separation and 
chemical nature : just as a body in pi*oportion to its 
height and mass shows a tendency to aggregate with 
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the earth : but, meanwhile, it is necessary to impose 
a new sense upon the term, in keeping with the 
analogous term ‘ Chemical Affiryty,’ which \ve have 
applied to the Force tl&t aggregates Atoms. 

The Energies ighich separate Electrical Units and 

resist the aggregation of Electrical Units may be 

* + 

summed up under the title of Electrical Energies. 

As in the case of Electrical Forces, our treatment of 
this department must be rionsiderc^ purely temporary 
and symbolical. Of Electrical Energies employed 
i in separation we* have an instance in the electrical 
machine, wljere friction produces a disunion of the 
Positive g,nd Negative Units. Similarly i» the torpedo 
and gymnotus. Of Electrical Energies employed in 
resisting aggregation there is again no unequivocal 
instance. The illustration of this deficiency must be 
left to later chapters. 

Throughout, both in the case of Forces and 
Energies, it witi be noticed that the same Power which 
initiates and accelerates one kind of motion equally 
resists and retards the other kind of motion. Thus, 
Gravitation both initiates movements of masses to- 
wards centres of attraction, and resists movements of 
masses away from centres of attraction. Cohesion both 
draws molecules together, and resists the separation 
of molecules : while heat draws molecules apart and 
resists the aggregation of molecules. So that these 
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* t 

t,wo Powers, llie aggregative and the separative, are 

incessantly opposing and antagonising one another in 

all bodips, great or, small. t The amount of aggregation 

reached by any system Of bodies at any point of time 

depends upon the relative proportions of its Forces 

and its Energies at that moment. 

A table is' scarcely needed for the contents of 

this chapter; yet for the sake of symmetry one is 
( 

here appended. 


Energies or Separative Powers. 


Molar 

Molecular * 

"15 

1 Atomic c 

# Electric 

Molar 

Energy 

Molecular 

Energy 

i 

Chemical Energy 

a 

Electrical JEnergy 



CHAPTER VI. 


THE MODES OF ENERGY. 

Energy has two Modes, ordinarily known as the Po- 
tential and the Kinetic : hut the terms Statical and 
Dynamical ^,re much preferable. Nevertheless, in 
order not to dffeturb unnecessarily the received ter- 
minology, the former expressions will be generally 
preserved in this treatise. 

The two Modes of Energy are interchangeable 
with one another** the Potential can pass into the 
Kinetic, and the Kinetic into the Potential. Each 
species of Energy, Molar, Molecular, Atomic, and 
Electrical, is represented in both modes. 

J 

Potential Energy (a very bad name) is equivalent 
to actual or statical separation. Any mass, molecule, 
atom, or electrical unit, in state of separation from 
other masses, molecules, atoms, or electrical units, 
possesses Potential Energy. The subject may con- 
veniently be considered under the four heads hence 
arising. 
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, Mofyr Potential Energy is equivalent to the 
statical separation of Masses. .The moon pos- 
sesses tins Energy, relatively to the earth, and the 
planets to the sun . 1 The cannon ball, shot vertically, 
has Molar Potential Energy at* the instantaneous 
neutral* point wheh it has reached its greatest height 
and has not yet* begun to fall. A stone on a moun- 
tain top or a head of water on its side has also the 
same Energy. Imjshort, Mplar Potential Energy is 
possessed by all discrete Masses in virtue of their 
separation. It is commonly known as Visible Energy 
of Position. 

Molecular Potential Energy is equivalents to the 
statical separation of Molecules. Two planed surfaces 
of iron possess this Energy, Kntil by apposition they 
are made to unite. The molecules of water, dispersed 
as steam, similarly possess it, in tSie form commonly 
known as ‘ latent heat.’ When steam condenses or 
water freezes, the Energy is yielded upnn the Kinetic 
form. 

Atomic Potential Energy is equivalent to the 
statical separation of Atoms. It is possessed by 
every free Atom of an element, and by every com- 
pound Atom whose affinities are not fully saturated. 


1 It may excite surprise to sec these relations described as statical. 
The term is only employed in a relative sense, as opposed to the 
dynamical energy of a falling body. 
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Thus ah Atom of carbon has Potential Energy in 
relation to two ^separate Atoms of ©xygen, with 
which it may unite to form .carbonic anhydride. 
Similarly, chlorine has ^Potential Energy relatively to 

sodium, with whiqh' it may unite to form common 

# « 

salt! Such cases, however, must’ be carefully dis- 
tinguished from those of. preferential attraction where 

• 

a body leaves its union with one element to combine 
with another for which it, has str<adger affinities : as^ 
when the Cl of IIC1 leaves the H to unite with Na in 
.NaCl. This last, instance is really analogous to that 
of the cannqn ball v^hich breaks the rope that ties it 
because the horde of Gravitation has outbalanced that 
of Cohesion. 

Electrical Potential Energy is equivalent to the 
statical separation of Electrical Units. In a Leyden 
jar, the opposite electricities of the inner and outer 
coats exhibit this relation. In a thunder cloud and 
the earth beneath it we have a substantially similar 
division of the Positive and Negative Units. The state- 
ment of these facts must be accepted with the usual 
caution as to the purely symbolical nature of our 
electrical conceptions. 

Prom the potential we pass on to the Kinetic Mode. 
It will not be immediately apparent in what sense 
Kinesis is an Energy in accordance with our definition : 
but, here again, the reader must courteously waive 
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his objections for the present, and accept the state- 
ment provisionally, so far^as he finds possible. Many 
difficulties of this.sort necessarily beset the explana- 
tion of every new point of Anew, especially where 
previous misconceptions have ‘clouded and embar- 
rassed the mental vision. 

Kinetic Energy is equivalent to motion. Any mass, 
molecule, atom, or electrical unit, in a state of motion, 

• C 

possesses Kinetic%Energy. . The subject may be con- 
veniently considered under the four heads hence aris- 
ing. But, just as before, when dealing with Energy* 
generally, we found that we could not divide it into 
species so definite in their likeness as those^of Force, 
because Energy was manifested in two Modes, the 
Potential and the Kinetic :• so, here, when we are 
dealing with Kinetic Energy specially, we shall find 
that it cannot be divided into^speeies so definite 
as those of the Potential Mode*, because Kinesis 
itself is divisible into several Kinds* whose nature 
will form the subject-matter of the succeeding 
chapter. 

Molar Kinetic Energy is equivalent to the relative 
motion of Masses. It is seen in the fall of an unsup- 
ported weight or a spent cannonball to the earth. It is 
also seen in the rising of the ball, the flying of a bird, 
or the walk of a man. Again, it is seen in the orbital 
motion of the planets, and in the spinning of a top. 
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These various Kinds of Kinesis will Ije fully "discussed 
in the next chapter. 

Molecular Kinetic Energy ^equivalent to the re- 
lative motion of Molecules. It is found ih the falling 

together of Molecules of steam ijito water. It also 

. ... . * 
qccurs in the disruption of a cohering mass. Alid it is 

more conspicuous in the- phenomenon of heat. 

Atomic Kinetic Energy is equivalent to the relative 
motion of Atoms. It isaeen in thfct rushing together 
of Atoms which results in chemical combination. It 
al^o occurs in ^he severing of^ Atoms from the com- 
bined state. .But it isnot, known to have any continuous 

V 

form aqglbgous to the orbital motion T>f a planet, 
the spinning of a top, ,or the regular vibration of 
heat. 

Electrical Kinetic Energy is equivalent to the 
relative motion of Electrical Units. It is seen in the 
lightning, in the discharge of a Leyden jar, and in the 
galvanic current. 

It will doubtless seem strange to the reader to find 
the motion of masses, molecules, and atoms towards 
one another spoken of as a manifestation of Energy : 
but this seeming inconsistency will be explained in the 
succeeding chapter. 

A table will clearly exhibit the relations here 
described, one example only of each species being 
cited. 
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Energies or Separative Powers. 


Modes 


Species 


Potential | 

•1 

i Molar Poten- 
! tial Energy. 
(Visible Energ£ 
of Position.; 

\ 

' 

Molecular Po- 
tential Energy. 
(Condensing 
Steam.) 

Atomic Poten- 
tial Energy. 
(Ghemieal 
Energy of Free 
Elements.) 

Electrical Po- 
tential Energy. 
(Tension.) 

• 

Kinetic. | 
1 

Molar Kinetic 
Energy. 
(Grbital i 

i Motion.) ^ 

• 

MolecuSir 
Kinetic Energy. 
(Heat.) 

1 • 

Atomic Kinetic 
Energy. 
(Chemical 
Energy in Act 
of Combining.) 

: 

Electrical 
Kinetic Energy. 
e (Galvanic 
• Current.) 



CHARTER VII. 

THE KINDS OF KINESIS. 

o 

Motion has three Kinds, considered from our present 
.standpoint. It /nay be separative, or it may be 
aggregative, or* it lhay be continuous and neutral. 
Each species of* Kinetic Energy has a farm of each 
Kind. 

*» 

Molar ipotion may b$ separative, as when a can- 
non ball is shot up into the air ; or aggregative, as 
when the same c*nnon ball falls to the earth ; or 
continuous and neutral, as when a top spins in the 
same place. 

Molecular motion may be separative, as in tearing 
asunder a mass ; or aggregative, as in condensing 
steam ; or continuous and neutral, as in the case of 
heat. 

Atomic motion may be separative, as in decom- 
position ; or aggregative, as in the act of combining. 
The continuous and neutral stage is not at present 
known, though there is reason to think that it exists. 
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Electrical motion may be separative, as when the 
Positive and Negative Electricities aie divided ; or ag- 
gregative, as whey they fye uniting. The continuous 
stage is possibly given us in t^e current which is sup- 
posed to circle roiyid a magnet. 

It *was noticed in the last* chapter that there 'wa^ 
an appearance of contradiction in the statement that 
aggregative motions were yet manifestations of 
Energy. That difficulty must now be met* 

When a cannon ball is shot up into the air, the 
motion is obviously separative, and •there can be no* 
doubt of its being a manifestation of Energy. Simi- 
larly, wlieif a set of molecules are separated by 
mechanical Power or by he;p, when a chemical com- 
pound is "Broken up into it* elements, ami when the 
Positive and Negative Electricities are sundered from 
one another, the separative natuft of the pi’ocess is 
obvious. We can have no hesitation in assigning 
each of these cases to the action of anJSnergy. 

But when we look at the continuous and neutral 
motions, their character as Energies is less obvious. 
A moment's consideration, however, will make it clear. 
The orbital motion of the planet s is a continuous Energy 
which prevents them from aggregating with the sun 
as they would otherwise do. The motion of the top 
in like manner prevents it from falling on to the earth. 
The continuous vibratory molecular motion (or heat) 
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of the red-hot poker prevents the steam or th§ wates 
particles from aggregating into their cooled or liquid 
or solid states respectively. In short, whenever a 
body or molecule in atfree state does not aggregate 

immediately with the other bodies or molecules which 

• • 

attract it, it is kept apart from them in virtue of some 
continuous or neutral moyement . 1 So sbon as it parts 
with its Energy (or motioA), it aggregates with the 
attracting ixxly. Thus when the sj^am loses its heat 
it condenses into water ; when the water in turn is 
deprived of heat, .it freezes into ice ; when the poker 
cools, it contracts ; when the top parts with its motion 
to the air gn the surface, it falls ; and ye have no 
reason to- doubt that when the planets have dissi- 
pated their ^Energy of orbital movement by ethereal 
friction they will fall into the 'sun. This general 
principle — that free* bodies can only be kept from 
aggregating by a continuous movement — is one of 
great importance, whose value will be seen here- 
after. A body in such a state of continuous move- 
ment, which prevents it from aggregating with another, 
is said to be in equilibrium mobile. 

When, however, we come to the aggregative mo- 
tions, it would seem at first sight as though these 

1 The reader must be cautioned to notice the expression ‘ in a free 
state,’ which excludes such instances as those of a weight tied by a 
string, or a chemical body already in stable combination, whose case 
will be considered in the chapter on the Mutual Interference of Forces. 

\) 
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jmist t^e classed with Eordfes, not with Energies. A 
considerable^faculty of abstract thought is required 
to grasp their real relations : nevertheless we must 
endeavour Jlo solve the prolllem. In doing so, we 
must trench a little on the subject-matter of future 
chapters* but only by alluding to facts already 
familiar to the reader. # When the cannon ball 
reaches its highest point it possesses Potential Energy. 
But it does*not remain suspended in the ifir. There 
are only two conditions under which it* could do so, 
in opposition to the Force of gravitation : the first is 
if it is supported by*a ledge o» rojTc, in which case 
cohesion balances gravitation; the -secoipl is if it 
possesses continuous kinetic energy, in which case it 

would circle round the earth as a satellite until its 

• • 

energy was dissipated. Practically, the existence of 
the atmosphere makes the second case purely imagi- 
nary within the limits of that medium, though it is 
exhibited in the ether by such a body as the moon. 
As the cannon ball does not fulfil either of these con- 
ditions, it begins at once to fall. But the Potential 
Energy which it possesses becomes thereupon Kinetic, 
from moment to moment, until, at the instant of touch- 
ing the earth, it has all assumed that mode. Now, 
we know that it does not then utterly disappear. The 
great principle of the Conservation of Energy teaches 
us that it is changed into the form of heat. Accord- 
ingly, while the two masses aggregate, ‘certain mole- 
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cules of each are separated by heat. # At the moment of 
contact, all the motion of the fall, or Aggregative Mo- 
lar Kinetic Energy, is changed into heat (o* separa- 
tive Molecular Kinetic^Snergy). There isfjust as much 
separation at last^s at first : only when the ball was 
pt its height, the separation was mcflar ; and when the 
ball has touched the earth, the separation is molecular. 
The formula which tells us how many heat-units are 
generated by the fall of syucli and aach a mass througl^ 
so many feet, is a formula for the equivalence of 
. molar separation with molecular separation. But in 
the intermediate time, during the fall, Potential Energy 
was disappearing every moment, and ^notion was 
taking ’its place. Though this motion was aggrega- 
tive, yet, when the ground was reached, it changed 
into the separation of heat. Accordingly, we are 
justified in regariftng it as essentially a transitory 
form of separative Power. This will be still clearer 
if we take suck a case as the moon’s. That satellite, 
though attracted by the earth, is yet prevented from 
aggregating by its orbital movement. It possesses 
Potential Energy in virtue of its separation, but this 
does not assume the aggregative Kinetic form on 
account of the continuous orbital Energy. If, how- 
ever, we suppose the moon to have lost its orbital 
movement, still retaining its present position and size, 
it would at once yield to the earth’s attraction, and all 

it 2 
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ite Potential Energy would become Kinetic. When it 
reached the earth, the shock of its fall would reduce 
it to a wry heated, state, pnd an immense increase in 
size would result from the separation of its particles. 
The merely transferee tial nature* qf the aggregative 
motion* is here clearly seen. * So too, in the case of 
molecules. Tlie Potential Energy of steam is given 
up when it condenses into* water ; and the Potential 
jPnergy of water w&en it forms into ice. ’Similarly 
with atoms. When oxygen mutes with carbon and 
hydrogen in a candle, their Energy 4s yielded up in 
the form of heat, which produces a separation (or 
rarefaction) Sn the neighbouring atoms of' ^e atmo- 
sphere. The same truth js shown in the heat and 
light evolved during the aggregation of Positive and 
Negative Electricities. Throughout we see that 
aggregative Energy is merely Potential Energy in the 
course of transformation to another form. While the 
really aggregative Power of Force isceausing these 
bodies to combine, the Energy of their motion repre- 
sents for a while their original separateness, and is 
finally transformed into a similar separateness between 
other bodies. 

A concrete instance will make this clearer. Let 
us suppose the case of a pulley, w ith a weight at each 
end, one suspended in the air at the utmost height 
of the pulley, and the other slightly lighter, on the 
ground. The heavier weight possesses Potential 



THE KINDS Of KINESIS 


37 


Energy in virtue of its elevation ; but, if it is' free to 
act, it is drawn ' down by, the aggregative Force of 
gravitation. In this c^se, havener,* all its Energy does 
not assume, the Kinetic Mode as it drops': the greater 
part of it is used up in elevating the lighter weight to 
•the same height, while the remainder chiefly goes off in 
the form of friction — thfit is, heat — that is, molecular 
separation. There is thus a mere fraction left to be 
converted into heat when the \feight touches th% 
ground ; the mass of the Energy still remains Potential 
in the lighter weight. Here w$ see that the Energy of 
a falling body does not consist in its mere downward 
movement, but rather in that accelerating motion 
which is capable of being transformed into heat when 
the masse*s aggregate. * If the mol ion be infinitely 
slow, the amount of heat evolved will be infinitesimal. 
So that the Energy of Kinesis is seen to be a mere 
transferential mode from one kind of separation to 
another. Again, we may look at the similar in- 
stance of a clock, driven by a weight. Here the 
weight possesses Potential Energy, in the same way 
as in the case of the pulley ; but it has opposed to it, 
not another weight (that is, gravitation), but friction 
(that is, cohesion ). 1 As gravitation pulls down the 

1 Above we used friction in a different sense, as equivalent to heat. 
This is a necessary ambiguity of our present terminology. From the 
point of view o^the Force involved, friction means the cohesion which 
must be overcome ; but from the point of view of the Energy employed, 
friction means the separative power of heat which overcomes 
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•vfeight flirough encli inch of its course, the Potential 
Energy so lost assumes the form of heat, or separa- 
tive Molecular Moticfli, in the^ wheels and bearings. 
When the weight reaches the ground, its Energy has 

all been i\sed up, a* id the aggregative movement has 
t c • 

been a' real display of Force. 

Thus all the kinds of motibu are ultimately shown 

to be forms of Energy or Separative Power., 


Kinetic Energies. 


. ! 
Separative •< 

| Separative 
Molar Motion. 
(In a body 
raised from 
tLe earth’s 
surface.) 

Reparative 

Molecular 

Motion. 

(In a body 
torn apart.) 

1 

| Sepawrtive 
] , Atonffic 

j Motion. 

1 (In chemical 
! deeomposi- 
! tion.) 

&ap&rative* 

Electrical 

Motion. 

(In electrical 
machine.) 

i Aggregative | 

: Aggregative 
; Molar Motion, 
j (In a falling 

1 body.) 

Aggregative 

Molecula^ 

Motion. 

(In a body 
cooling.) 

Aggregative 
Atomic 
| Motion. 

(In chemical 
combination.) 

Aggregative 
• Electrical 
Motion. 

(In lightning.) 

| 

! Continuous 

Continuous 

& 

Continuous 

Continuous 

! 

Continuous - 

1 

Molar Motion. 

Molecular 

1 Atomic 

Electrical 

1 (In a top or a 

Motion. 

i Motion. 

Motion. 

t 

planet.) | 

(In heat.) 

| (Unknown.) 

(In magnet ?) 

_ 

1 ; 







.19 


CHAPTER VIII. 

T1IK PERSISTENCE OF FORCE. 

Every particle of matter has inherent in it certain 
'Forces of whicli^lt can never be # deprived. The total 
amount of Force or Aggregative Power in the universe 
is thus always a fixed quantity. This principle may 
he known as the Persistence of Force. It must be 
carefully distinguished Trom the opposite principle 
of the Conservation of Energy, to which the same 
name has been frequently but most incorrectly 
applied. 

Every mastS tends always to attract every other 
mass, and cannot be deprived of this tendency. The 
tendency may be masked for awhile by the interven- 
tion of other masses, as when a loose stone stands on 
the top of a wall, or by the presence of an Energy, as 
when the moon circles round the earth, or a ball is 
shot from a cannon ; but it cannot be got rid of : for 
as soon as the stone topples over with the wind it 
falls to the ground at once ; as soon as the ball parts 
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frith its? Energy it similarly falls ; and as soon as the 
moon has gof rid of her motion by ethereal friction, 
she will aggregate* with the eaftli. 

Similarly with molecules, atoms, and electrical 
units : evpry one of them when in a free state, un- 
restrained by .interfering Forces, and unacted upon 
by Separating Energies, ruslibs at once into a state of 
aggregation .with its fellows. 

of' O * g 

It is importantXo noticethat Force, utdilte Energy, 
is inherent and indefeasible in every unit of matter. 
It may be counteracted for awhile bj^an Energy, hut* 
it still remains ready to act so soon as the Energy is 
dissipated ; *it never passes from one unit to^mother, 
as we shall see that Energy does. Force, or aggrega- 
tive Power, is the primary dlul indefeasible attribute 
of every material particle. 
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CHAPTER IX. 

THE CONSERVATION OP ENERGY* 

The total amount of Energy, Potential and Kinetic, 
existing in the, 'universe is always a fixed quantity. 
It is not, however, like Force, rigidly bound up with 
the individual particles in which it is from time to 
time manifested. As we have already seen, it can 
be transferred from one particle or set of particles to 
another. For this reason it has been deemed desirable 
to embody the principle in different language from 
that which we employed in the somewhat analogous 
case of Fore?. While Forces persist. Energies are 
conserved. The concrete and practical results of this 
difference are enormous. 

It does not come within the scope of the present 
work to give a full account of the quantitative rela- 
tions subsisting between the various species of Energy ; 
it will be sufficient to trace their equivalence in its 
broader qualitative aspect. For this purpose we may 
consider the«phenomena of Conservation under three 
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heads : tlxe passage of Energy from the Potential 
Mode to the Kinetic, the passage of 'Energy from the 
Kinetic "Mode to Ihe Potential, and the passage of 
Energy from one species of tl^e Kinetic Mode to 
another. 

Potential Energy or relative statical separation r 

m 

has a tendency constantly, to pass into the Kinetic 
Mode, under the influence of Force. Eyery free 
iiody or particle, unless restrained by* an antago- 
nistic Force, or kept in separation by a continuous 
Kinetic Energy, is aggregated fit once with othfcr 
bodies or particles which attract it. , A hiass poised 
on a ledge or suspended by a rope is prevented from 
aggregating with the earth Ify the Force of cohesion ; 

I * 

but when some external Energy has pushed it oflT the 
ledge or severed the rope, its Potential Energy passes 
at once into the Kinetic Mode, under the influence of 
gravitation. Two molecules of water vapour are 
prevented from aggregating under the relatively 
feeble attraction of cohesion at a distance by their 
inertia — that is, by the relatively strong cohesion of 
surrounding or intervening matters (just as a mass 

1 By this term is implied a separation which, though perhaps accom- 
panied by actual motion, does not carry the two related bodies further 
away from one another. Thus, orbital motion in a perfect circle, or 
the upright spinning of a top, is statical relatively to tho centro of 
gravity of the system ; while a fresh energy would be required to 
carry the related bodies further away from one another. 
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on the table, though attracted by the earth, is pre- 
vented from aggregating by the intervention of the 

cohering boards) — but* wheti sohi^ external Energy 

• * 

brings them within such a distance of one another 
that the resistances are overcome by their mutual 
attractions, their Potential Energy becomes Kinetic, 
and they aggregate with one another. Two atoms 
(having infinities for one another) ai»e similarly 
prevented from aggregating by inertia ; but when 
brought within the sphere of their mutual attraction, 
their Potential Energy becomes *at once Kinetic, and 
they combing with one another. So also, two 
electrieaVunits are prevented from aggregating in 
the Leyden jar by the electrical neutrality of the glass 
partition ; Imt when a conducting medium is made 
to connect Them, their Potential Energy passes into 
the Kinetic Mode and they rush together at once. 

Kinetic Energy or motion often passes into the 
Potential Model The Kinetic Energy of actual separa- 
tion always exhibits this interchange. A cannon 
ball fired in the air, the piston of a steam-engine 
forced '’u p_by the expansive Energy of the steam, a 
weight hauled by a pulley to a height, a man who 
has climbed a mountain, are all of them instances 
where Molar Kinetic Energy has become Poten- 
tial. The liquid condition of water melted from ice, 

the diffused state of vapour raised from water, are 
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instances where Molecular Kinetic Energy has become 
Potential. The free hydrogen hud oxygen of an 
electrdytic bottle, flie iron aiid oxygen driven from 

their combination bv heat, are instances where Atomic 

v « 

Kinetic Ejiergy has become Potential. The negative 

and positive electricities of aVeyden jar, of a thundc*r- 
clouel and the earth, of the knobs of an electrical 

t 

machine, are instances where Electrical Kinetic 
Energy has becorfie Potential. 

Finally, Kinetic Energy often passes from one of 
its species to anothef. Moby motion passes into 
Molecular motion whenever one mass interferes with 
the motion of another. This is true wla»ther the 
motion is aggregative, or separative, or continuous. 
If a cannon ball be allowed to fall to the earth from 

a position of Potent ial Energy, all the Kinetic Energy 

£ 

which the mass acquires in its fall passes to the 
molecular species when it touches the ground. If it 
be fired into the air, and immediately checked by an 
iron target, the same result occurs. And if a top be 
stopped in spinning or the moon checked in her 
course, exactly like effects are or would be pro- 
duced. Molecular motion passes into molar motion 
whenever the free separation of the moving molecules 
is interfered with by the cohesion of enclosing masses. 
Thus the steam in a cylinder pushes up the piston by 
its expansion; the freed nitrogen in a discharge of 
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gunpowder in like manner pushes out the ball ; and 
the energetic movement of a heated gas bursts the 
vessel within which it is confine^ Molecular jnotion 
also passes into atomic* mofion in decomposition by 
heat, and into electrical motion in the friction 
machine. Atomic * motion passes into molecular 
motion when heat is generated by chemical combina- 
tion. It also passes (apparently) into electrical 
motion in the galvanic current. , Electrical motion 
passes into molecular motion when 'an interrupted 
current produces* heat. Light, which is a phenome- 

9 ^ a £ 

non connected with *the ethereal medium, must be 
neglected for the present. 

This relation is quantitative — that is to say, a 
definite ampunt of Potential Energy passes always 
into a definite amount of Kinetic, and vice versa , 
while a definite quantity of each species is equivalent 
to a definite quantity of each other species, in either 
Mode. The tyw of conservation may therefore be 
subsumed under the following formula, where A 
stands for Potential and B for Kinetic Energy; 1, 2, 
3, and 4 for the Molar, Molecular, Atomic, and Elec- 
trical species, and 5 for the Kinetic Energy of the 
ether (of which more hereafter) : 

A1 + A2 + A3 + A4 + B1 + B‘2 + B8 + B4 + B5 = a constant quantity. 

But while the total of Energy, like the total of 
Force, is tliu» constant, the total of each mode and 
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,, species varies from moment to moment. ' Whereas 
the total of each Species of Force i*as constant as the 
sum o£ their totals. 

Again, while each unit of Force is rigidly bound 
up with each atom of matter (with which it is perhaps 
identical), 1 each mint of Energy may pass from' oqe 
mass, molecule, atom, or electrical unit to another. 
It may also pass from matter to the ethereal medium, 
and vice versa, ^his can jmly happen, however, to 
Energy in the Kinetic Mode. 

A mass in motion parts always with portions of 
its motion to all other bodies with wTiieli it comes in 
contact. It does so either by importing to them a 
portion of its motion in the molar form (as when one 
billiard ball strikes another), or in the molecular 
form (as when heat is generated by friction). Hence 
every moving mass tends to par# with all its Kinetic 
Energy more or less quickly, according as it is more 
or less impeded in its motion by more §r less cohesion 
and gravitation. Thus a cannon ball parts with all 
its Molar Kinetic Energy at once when it strikes an 
iron target, and very quickly when it is fired in the 
air ; a billiard ball parts with it more slowdy, as it 
hits the other balls and the cushions ; a quoit on ice 

1 It is possible to regard each atom as a centre of Force (i.e. Aggre- 
gative Power) liable to separation from other centres by means of 
Energies (i.e. Separative Powers). 
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more slowly still, as it nfeets the resistance of, the a\r 
and the gentle friction of the ice ; whi]p a pendulum 
under an air pump hardly parts with it perceptibly 

• • I • 

by friction on its knife^dge, and a planej only by in- 
finitesimal decrements to the ethereal medium. A 
molecule in motion .p^rts similarly with *a portion 
of its motion to every other molecule* with which it 
comes in contact. When ilie two molecules, however, 
possess egual motions, or, as we oftener say, are at 
the same temperature, the amounts of gain and loss* 

neutralise one another. But when the motions of the 
* 

Molecules diffef, the more ertergetic parts with a 
disproportionate amount of its motion to tjie less ener- 
getic, uiffil the Energies of both are equal. Hence it 
happens that wheneverjtlie molecules of any mass 
have a higher Kinetic Energy than that of surround- 
ing bodies, the mot^pn of its molecules is imparted to 
the surrounding bodies till a state of equality is 
reached. • As to Atomic and Electrical motions, we 
know too little of their nature to speak with any con- 
fidence, but we see at least that they also tend to 
pass away from the bodies with which they were as- 
sociated, and to assume the forms of light and 
heat. In short, without fully anticipating the 
chapter on the Dissipation pf Energy, we may say that 
whenever masses, molecules, atoms, or electrical 
units are free to act in accordance with their aggre- 
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gative tendencies, without interference of antagonistic 
Forces or restraining power of continuous Kinetic 
Energies, they immediately unite, and impart their 
former Potential Energy in the Kinetic Mode directly 
to surrounding bodies, and ultimately to the ethereal 
medium. 

"VVe may tffus summarise the contents of the pre- 
sent chapter : the sum total of all Energies in the 
Universe is a cor^tant quantity ; and whenever one 
mode or species of Energy disappears it is replaced by 
an equivalent quantity of another lqpde or species. 
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TIIK INDESTRUCTIBILITY OF TOWER. 

The two '’generalisations, briefly »tated in the two, 
preceding chapters under the titles of ‘ The Persistence 
of Force ’ and ‘ The Conservation of Energy ’ may he 
summed up under astill wider generalisation to which 
we shall apply die title of ‘ The Indestructibility of 
Power.’ It may be formulated as follows. 

The total amount of Power, aggregative or sepa- 
rative, in the Universe, is a constant quantity, and 
no Power can ever disappear or be destroyed . 1 

This short chapter cannot be enlarged by the 
addition of atjy further remarks. Like our first 
chapter on Power generally it does not admit of am- 
plification. 

1 Readers of Mr. Herbert Spencer’s System of Synthetic Philosojihy 
will doubtless observe that it is this ultimate generalisation to which 
ho refers under the style of the Persistence of Force, and not either of 
the minor generalisations subsumed under it. The author, however, 
makes this statement solely on his own responsibility, and has no 
warrant from Mr. Spencer for doing so. It is not improbablo that Mr. 
Spencer would energetically dissent from acquiescence in the state* 
merit. 
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, CHAPTER XI. 

TIIE MUTUAL INTERFERENCE OF FORCES. 

As the various portions of matter, molar, «nolecular, 
and atomic, all possess Forces of their bwn, it must 
necessarily happen that many bodies or particles 
are attracted in different directions with varying 
intensities l>y surrounding bodies or particles. Hence 
arises a certain cross-attraction or Mutual Interference 
of Forces. We shall consider in regular order the 
various modes in which each species of Force is 
opposed by interfering Forces. 

Molar Force may be opposed to another Molar 
Force when two neighbouring masses each tend to 
attract a third mass. If all three masses be in every 
respect free — that is to say, if there be no other re- 
straining Force, and no continuous Energy of relative 
motion — the three masses will aggregate simply. But 
in the large planetary bodies exposed to our observa- 
tion the orbital Energy counteracts all the Forces ; 
and we consequently see the sun, the earth, and the 
moon retaining their relative positions in spite of 
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gravitation. There are certain instances, however, 
where tlie interference of Forces is seen, even in the 
case of Molar Forceg. Thus, -a .large body like a 
table does not percejjtibly attract even very small 
bodies on the flopr, owing to the superior Power of 
.the* earth’s attraction a*5 a whole. 'Yet in the nei<di- 
bourhood of much larger masses, such as mountains, 
a slight deflection of the plummet has been observed, 
because ‘the attraction &f the mountain has proved, 
strong enough to counteract in part the attraction of 
t^e earth as a whole. 

Molar Force is more commonly interfered with by 
Molecular Force or cohesion. A weiglif placed on a 
table or a ball suspender} by a cord cannot aggregate 
with the earth generally? because the Force of gravita- 
tion is overpowered by that of cohesion. At a certain 
point, however, the Power of gravitation outweighs 
that of cohesion, and the table or the rope gives way. 

We can «carcely say with any certainty that 
Molar Force is interfered with by Atomic and Elec- 
trical Forces : but there seems no reason to doubt 
that chemical attraction may act in opposition to 
gravitation by causing an atom to aggregate with an- 
other atom so as to raise it slightly above its previous 
level : while the position of a lump of iron sus- 
pended from a magnet (permanent or electro-mag- 
netic) probably represents the interference of electrical 
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with molar Force* Our acquaintance with these phe- 
nomena, however, is so very superficial that it would 
be prenfature to d© rtiore* than hint at possible ana- 
logies. 

Molecular Force may be opposed by Molar Force 
in the above-cited instances ofi a mass laid on a table* 
or hung by a cord. If the Molar Force overpowers 
the Molecular, the table or cord breaks, and the mass 
falls to the ground*. On# Molecular Force is op- 
posed by another Molecular Force in the curious case 
of what is called Molecular Tension. In such an in- 
stance, certain molecules on either side of a particular 
set of molecules tend to draw it towards them, 
and the stronger attraction finally succeeds in doing 
so, leaving a disrupted portion on one slide of the 
line. Molecular Force is probably opposed by 
Atomic and Electrical Forces, though here again no 
very obvious instance can be cited. 

Atomic Force is possibly opposed by Molar Force 
as noted above. It is also, possibly opposed by 
Molecular Force ; and this seems not improbable 
when we recollect that many bodies will not combine 
chemically unless at a high temperature — in other 
words, unless their Molecular Force has been coun- 
teracted by an antagonistic energy. One Atomic 
horce is certainly opposed by another Atomic Force 
when two different atoms, each having , affinity for a 
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third atom, are brought into close conjunctioHi with it. 
This occurs in* all ordinary reactions; and, as we 
see, the stronger affinity, overpowers the, weaker 
one. What may Be the relations of Atomic to 
Electrical Force, it would be premature even to 
gu'ess. 

Electrical Force as a whole is too tittle understood 
to permit of definite treatment. We may conjecture, 
however^ that it is similarly affected with other Forces. 
In one case, at least, we can feel sure of an analogy. 
Qne Electrical Force can be opposed to another by 
placing two balls, 'pretty equally charged with Posi- 
tive Electricity, opposite to one another? and at equal 
distances from a ball charged with Negative Elec- 
tricity. L:i this case we # set up a state of cross-tension 
like that of the interfering masses, the molecular 
tension, or the i4val chemical affinities : and any 
slight difference in the two attractions will cause the 
one to outwqjgh the other. It would also seem as 
though, in the case of a Leyden jar, the molecular 
Force of the glass opposed the Electrical Force which 
tends to aggregate the opposite electricities : for 
when the Electrical Force reaches a very high pitch, 
the electricities escape from some point on the metal 
surface, and leave a hole pierced through the glass. 
The analogy of this case to that of the broken rope 
or table is obvious. On the whole, however, the 
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subject *is still tqo lii-corr elated with other depart- 
ments of physics to allow of positive? statements. 

In all the cases where, the ^interference of Forces 
produces aif actual separation between masses or 
particles previously in (relative) cap tact, it might at 
first, sight seem as though there were really an exhi-> 
bition of Energy and not of Force. As in the case of 
aggregative Energies, however, a little consideration 
t dl 0< irrect this idea. For < the bodies always follow 
the stronger Force; and the result is, a total of closer 
and more intimate aggregation than that which before 

' t * 

subsisted. If the cord can resist the power of gravi- 
tation, then the union between its molecules a more 
intimate one than that widely would result from the 
aggregation of the ball and tlte earth. If, ofi the other 
hand, the cord cannot resist it, then the total of ag- 
gregation is increased by the fall of the ball. So, too, 
if a body in chemical combination with another body 
can resist the affinity of a third body brcught near it, 
the existing union is shown to, be a closer one than 
that proposed for it. If, on the other hand, it cannot 
resist it, then the new union proves itself thereby to 
be closer and more intimate than the previous one. 
When we come to consider the material universe as 
an aggregating total, whose separative Energy is 
being imparted to the ethereal universe, this point 
will become much clearer. 
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CHAPTER XII. 

THE SUPPRESSION OF ENERGIES. 

When a set of particles possessing Kinetic Energy is 
entirely surrouyRed Jby other particles, bound together 
by Force, it is possible up to a certain limit to sup- 
press tit# Energy of the contained particles by limit- 
ing their mutual movements ; whereupon the Energy 
appears to* exist in a dormant state. But when a 
certain point of suppression is reached, the Energy of 
the contained particles overpowers the Force of the 
containing particles, and a disruption takes place. 
Such a disruption is commonly known as an Explosion. 
Or again, at a point short of disruption, such an 
active separative impulse exists amongst the contained 
particles, that if any aperture be made in the con- 
taining wall, the contained particles rush out with 
Explosive Energy. 

The abstract statement of this principle must be 
enforced by a few concrete examples. 

The boiler of a steam-engine is a wall or partition 
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of molecules^ rigidly bound together by cohesion. 
Within it, is a mass of water and steam, which is being 
raised to a high pitch of mqfecular motion by the 
fire underneath. Up to a certaip point, it is possible 
to suppress or restrain the separafive Energy of .the 
steam by opposing to it the cohesive Force of the iron 
wall. But when a certain point of suppression is 

reached, th<? Energy outbalances the Fora?, and an 

• € * 

^Explosion takes place. At a point short of the Ex- 
plosion, it is possible to open a valve and ‘ blow off 
steam ’ : the energetic particles then <rusli forth with 
Explosive Energy. Similarly when.a gas is reduced 
by pressure to the liquid state. Up to £ certain 
point the Energy of the gas Is suppressed ; but when 
that point is passed, the Energy outbalances the 
Force, and an Explosion takes t place. Short of 
the Explosion, it is possible to open the vessel, 
whereupon the gas rushes forth with Explosive 
Energy. 

It is possible that certain (sd-called) chemical com- 
binations are really of this nature. Thus, certain 
compounds of nitrogen are very apt to explode, and 
it would seem not unreasonable to suppose that in 
their case the Energy of the free gas may be in some 
way confined by the combining atoms : while a match 
or other detonating agent may be the analogue of the 
valve or the stopcock in the above cited*cases. This 
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possibility will be more fully discussed in the succeed- 
ing chapter. 

It is important to iiptice*that one Energy may be 
opposed to another in producing a suppression. Thus 
Energy is expended in compressing a gas or bending 

* « * 1 

» bow (a case which vfill be fully considered ’here- 
after). So that just as Forces interfere with Forces, 

Energies sometimes oppose Energies. A suppressed 
. 1 * 

Energy is’ regarded in the* ordinary text-books as Po- 
tential. It is clear, however, that it cannot be so re- 
garded from our present standpoint. It is essentially 
Kinetic, though its Kinesis is masked by surrounding 
bodies. 
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CHAPTER XIII. 

LIBERATING ENERGIES. 

When any body or particle possessing Potential 
Energy is prevented from aggregating with any other 
body or particle which attracts it, by the* interference 
of an antagonistic Force, its Energy can onI$< assume 
the Kinetic Mode through the intervention of some 
external Energy. Such external Energy is itself 
necessarily in the Kinetic Mode. It is known as a 
Liberating Energy. 

Put in more concrete language, this principle may 
be otherwise stated thus. A body ckn only be dis- 
engaged from the attraction of .one Force and brought 
under the direct influence of another, by some move- 
ment affecting it. A moment’s consideration will 
make it clear that this is a corollary from previously 
stated laws. 

As we saw that the stronger Force necessarily out- 
weighs the weaker, and as Forces cannot increase or 
decrease in intensity, the only manner cn which any 
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body or particle can be released fcom the *Force 
which actually governs it and brought under the in- 
fluence of another Forc^ is by some-cnovement which 
either severs it from the sphere of the existing Forces* 
or brings it within the sphere of a stronger pne. In 
the latter case, it is immaterial whether tjie movement 
brings the body into proximity with other bodies, or 
brings other bodies into proximity with it % 

Molar £i bprating Energies are tlfose which release 
masses from the interference of a Force antagonistic 

to gravitation. ... • The commonest instance of such a 

. . * • 

Liberating Energy is seen when we remove some 
obstacle ^Jiich by its cohesion prevented *tlie aggre- 
gation of gravitating masses. Thus a ball suspended by 
a thread is released by the Separative Energy of a knife 
or scissors. A clock weight wound up but checked by a 
catch, is released through the Energy which removes 
the catch. A stone perched on a ledge is released by 
the puff of wind or the blow from a hand which 
causes it to topple ovei* A head of water confined 
by a sluice is released by the Energy which raises the 
sluice. A mass of ice on a mountain top is released 
by the Energy of heat, which breaks down the co- 
hesion of its particles and allows it to trickle down the 
sides. Even in those cases where the intervention of 
the Energy is less apparent, we can see in an ultimate 
analysis that* such Energy is really the moving- 
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Power at work. Thus, when the string decays instead 
of being cut, it might seem at first sight that the co- 
hesiov. melted away imperceptibly ; but a closer con- 
sideration* will show us tliift. the dropping of water, 
the action of heat and light, the approach of chemical 

. *. 9 

solvents in jnin'ute quantities, and the incidence, of 
other unobserved Energies is really the cause of the 
decay. So, too, if the water makes a way through 
the sluice, or cute a path tfor itself tlirougk the bank, 
it can only do so by the slow actiou of incident 
Energies, which wear away the cohering substance 
that retains it. And the stone can never topple over 
from its ledge unless some animal p’ushes jt ; or some 
slow water action wears away its supporting mass. 
Molar Liberating Energies *may also be seen in a few 
cases where a chemical body undergoes a separation 
which precipitates the heavier aftiong its constituents. 

Molecular Liberating Energies are those which 
release molecules from the interference of a Force an- 
tagonistic to cohesion. Tyo planed pieces of iron 
cannot cohere if laid side by side on a table : they are 
restrained in their places by gravitation. But the 
energy which apposes them to one another acts in 
this case as a liberator. In other instances, heat 
performs the same function, by loosening cohering 
molecules from their existing arrangement, and bring- 
ing them within the sphere of their mutual attractions, 
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as when we weld two pieces of iron b$r heating ’them, 
or by hammering them together. Th% contained 
energy of water fulfils a like office in gamming o* glue- 
ing, and in mixing plastic clay or dough.* In these 
cases, one cohesion .has interfered with another, and 
tlie Liberating Energy, by causing a parted disengage- 
ment, finally permits the complete saturation of both 
affinities. 

Atomic filtrating Energies are those which release 
atoms from the interference of a Eorce antagonistic to 
Chemical Affinity.* Occasionally it is the mere Force 
of gravitation or cohesion which opposes this affinity, 
and in tli{^ case, the Energy employed in bringing the 
substances together is the liberating agent ; as when 
we expose phosphorus to Chlorine. In other in- 
stances, however, the mere apposition of the elements 
is not sufficient, as wften we expose carbon to oxygen ; 
heat is then needed as a liberating agent ; and we may 
conjecture tliat«it acts by setting up such a molecular 
vibration in the carbon rf as takes each atom out of its 
existing stable arrangement with other like atoms, 
into a compound carbon molecule, and brings it 
within the sphere of the stronger affinity exerted by 
oxygen. This case leads on to those where the in- 
terference is between rival Chemical Affinities. The 
Energy which brings together two substances and per- 
mits the stronger affinity to overcome the weaker acts 
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as a liberating ggent. ' In this instance, too, heat is 

sometimes iffecessary as an additional factor, probably 

for tlie same reafoi* as befor^. In the case of Cl and 

H light abts as the liberafing energy. Other less 

obvious cases resemble those of 3, match, where fric- 
# , 
tion performs the same function. 

Electrical Liberating Energies are those which 

release Electrical Units from the interference of a 

Force antagonistic to Eleetrical Affinity. *» The usual 

vagueness of electrical science prevents any definite 

treatment of these phenomena ; but we may consider 

^ • * 

the Energy which closes the circuit of a battery, or 
brings tbe’discharging tongs to a Leaden jaj^ as essen- 
tially analogous to the cases noted above. Tiieir fun- 
damental similarity will be* seen if we ^collect that 
any Energy spent in overcoming the cohesion of the 
glass partition in the Leyden jat*, and so causing it to 
break, would produce exactly the same effect. 1 

Under the head of Liberating Energies it will be 

* 1 Tho practised physicist will obse|ve that a much wider significa- 

tion is hero given to the term Liberatiny Energy than that which is 
usually attached to the expression ‘ Liberating Forco ’ in the current 
phraseology of science. But if, as here contended, the cases are really 
analogous in every way, then there is no logical reason why they should 
not all be included under a single general name. Of course, if com- 
petent critics can point out any error in the conception here advocated, 
the classification falls to tho ground ; and throughout, it must be re- 
membered that all tho ideas contained in this treatise, though dog- 
matically stated for simplicity’# sake, must be regarded merely as 
suggestions and points-of-view thrown out for the express purpose of 
placing the author’s conception in a clear light. 
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convenient to include tlfose other Energies 'which 
act so as to permit the escape of suppressed Kinetic 
Energies. Such will be the # Energy which tujns the 
valve of a steam-engin<?or the stop- cock *of a vessel 
containing compressed gases. A more familiar in- 
stance is found in the Energy which draws the*cork 
of a champagne bottle. And if we were correct in 
supposing an analogy between known- suppressed 
Energies- #hd explosive nitrogenous compounds such, 
as gunpowder and nitro-glycerine, then the match or 
blow which expjodes them acts as an analogous 
liberating agent? Liberating Energies of this des- 
cription may be •conveniently described a? Liberators 
of Suppressed Energies. 



chapter' xiv. 

MISCELLAN EOUS I ILLUSTRATIONS. 

After so long and so abstract an exposition, it may- 
be well to give a few selected concrete illustrations, 
showing tlie interaction of tlie principles already laid 
down, before we proceed to those still more abstract 
and difficult problems which yet lie before us. We 
have hereafter to frame sqjne clearer notion of the 
Relation between Ether and Matter, the Nature of 
Energy, and the Nature of ^'Movement ; which 
questions will require a power of abstract thought 
and concentration which is not possessed by every 
reader. But it may aid our comprehension of these 
highest abstractions if we more firmly grasp the 
concrete phenomena in which they are dimly mani- 
fested. 

A lump of ice lies loosely on a mountain top. 
Its molecules are rigidly bound together by the Force 
of cohesion. The Force of gravitation tends to attract 
it, but the cohesion of intervening molecules interferes, 
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and it caimot further aggregate, caniyat get any lower; 
of its own accord.- It possesses Potential Energy in 
virtue of its separation # from. the dead level of .ocean : 
but that Energy cannot? assume the Kinetic Mode so 
long as the interfering Force of cohesion prevents 

V 

ij. * There are, however, various conceivable " ways 
in which a Kinetic Energy may intervene to liberate it. 
The wind may blow it over ; a man may hit it with 
his stick ;/6r a peal of thunder may shake it down. # 
In any of these cases, it will go down as a mass, 
all ,its molecules* still locked together by cohesive 
Force. Again, the Kinetic Energy of ether (which 
we commonly know as Radiant Ileal) may fall upon 
the mass, while still perched on its pinnacle. In that 
case, the motions of the #t.lier particles will be com- 
municated to the ice molecules, just as the motion of 
one billiard ball is communicated to another — or still 
more exactly, as one pendulum might set another in 
synchronous pjotion by striking it time after time. 
Under the influence of this separative Power, the 
molecules will slowly be unlocked from their cohesive 
union, and the ice will be melted. But the Energy 
which thus acts as separative to the molecules in 
their relation to cohesion, acts also as liberative in 
their relation to gravitation. The Potential Energy 
of each molecule (visible Energy of position) now 
becomes Kinetic, and they roll down the mountain 
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'side in the form of water. • Let us suppose that 
they unite on their course and •make a cataract.. 
When* they reach the level Jjelow (which for argu- 
ment’s sake we will suppose £o be that of the sea) all 
their Potential Energy has been transformed into 
Kinetic. Omitting the smaU amount lost by friction 
on the way, this Kinetic Energy is immediately trans- 
formed onqe more, as the water reaches the surface, 
from the Molar tcf the Moltcular species^ *It becomes 
heat, and is radiated off into the surrounding 
space. Our ice has thus entirely parted witk^its 
Potential Energy to neighbouring bodies, and to the 
ethereal medium, though the water which Represents 
it still holds all the Kinetiq Energy which originally 
melted it. It cannot agaimbe raised to tlie mountain 
top without the integration of fresh Energy. Whence is 
this to come ? In the majority 8f cases it is supplied 
by the ltadiant Heat of the sun. This Energy, work- 
ing upon the surface of the sea, causes separation 
amongst its superficial molecules, which thereupon 
rise into the air. Thus we see that the same Energy 
which overcomes the faint cohesion of the water also 
overcomes in part the force of gravitation. The 
heated molecules, being less attracted than the colder, 
are pushed upward by their pressure, and rise to a 
considerable height. The agent in raising them is 
Energy. So that the very same molioji which keeps 
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the planets from aggregating with the sun, keeps 
the water molecules from aggregating with the 
earth. So long as theiy refaiA this Energy they 
continue to float at a great height. But they cannot 
retain it long. The suripuncling objects at that height 
are very cold — in other words, are >«t>t in a state of 
high molecular vibration. Accordingly, when the 
molecules encounter a cold mountain *top, towards 
which they* are attractec? by molar Forces, they paPt 
with their heat and aggregate under the influence 
qf cohesion inttj'ice^ Their Kinetic Energy is now all 
gone, and nothing remains to them but the Potential 
Energy^ff their separation from the level of the sea. 
And then the whole cycloof changes begins over again. 

Let us* look next at a totally different instance, 
that of a cross-bow. This is a common illustration 
with physicists, anS. it has already been once hinted at, 
but no detailed explanation was given, because it will 
be presently %een that the case is much more com- 
plicated than at first #ight appears. The Kinetic 
Energy of human muscles is employed in pulling the 
string back to the notch. The bow is then bent. 
Now this bending implies two forms in which the 
energy becomes dormant, which answer to the common 
expressions, tension and pressure. The molecules in 
the convex portion of the bow are pulled slightly 
apart from o»e another, but not beyond the sphere of 
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their mutual attractions. We have consequently here 
a state of Potential Energy due to 'the separation of 
particM strongly ihflhenct'd by cohesive Force. The 
molecules in the concave part of the bow, on the 

other hand, are pressed closely together upon one 

« • 

another by thsvEnergy employed, which here acts iir 
opposition to the Kinetic Energy of the molecules, 
whose natural vibrations are thus in part suppressed. 
Accordingly we ha\*e here a slate of suppressed Energy. 
Both of these of course tend to become Kinetic, but 
are prevented by the interfering Cohesion of the 
string and the trigger. The separative nature of 

4 C 

the Energy employed is clear from the fact tltat if the 
string is pulled too far back, the strain upon the 
cohering particles becomes tbo great, and* the sphere 
of their mutual attraction being transcended, they 
break apart with a snap. In the present case, how- 
ever, having merely bent and bolted our bow, we 
have all our Energy bottled up in a dormant state* 
Next, let us release the string. The Energy which 
we employ in doing so, acts as a Liberating Energy 
with reference to the Potential Energy of the convex 
part, and as a Liberator of Suppressed Energy with 
reference to the concave part. It removes that 
cohesive obstacle, the trigger, which interfered with 
the mobilisation of the dormant Energies. The 
Molecular Force of cohesion now draw? together the 
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separated molecules of the convex part, ahd tlieir 
Potential Energy becomes Kinetic. •’Through the 
medium of the string it is cpmmunjcated to tljp arrow. 
The arrow flies rapidly through the air, “parts with a 
small portion of jts' Energy by friction, but retains 
♦most of it till it pierces the target. 1 Here, part of its 
Energy is used up in producing separation between 
the particles ; while the remainder is given off in the 
form of. heat. And so *ill our Energy is once more 
yielded up from its original possessor, the bow. 

Again, let i*s take a case where chemical activity 
is concerned. A lump of coal possesses Potential 
Energ^in the Reparation of its atoms from those oxy- 
gen atoms towards which it is attracted by Chemical 
Affinity. “So long as they are merely in mechanical 
conjunction with one another, the interference of some 
other Force (probibly cohesion) prevents them from 
aggregating. But when a Liberating Energy is applied 
. in the shape*>f a match, the atoms rush together in a 
mutual embrace. Their Potential Energy becomes 
Kinetic, and they aggregate. But the Energy of 
their separation is not destroyed. It is communi- 
cated to the ether as Radiant Heat. In this state it 
may either pass away from our earth altogether, or it 
may be communicated to other bodies, in which case 
it is said to be absorbed. Let us suppose it is 
absorbed b^ a boiler of water. The water molecules 
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ane then ihrown into a state of vibration, wliich'rapidly 
severs them from one another until they assume the 
form of steam. If this steani is allowed to issue from the 
boiler, it wilhrapidly give off itf Energy to neighbour- 
ing bodies, the ether included, and the Energy which 
first passed from the coal ancl oxygen to the water, 
will now pass from the water to the ether. But 
we may use the boiler to turn an engine. In this 
case part of the Molecular »Kinetic Energy* is trans- 
formed to the Molar species in the piston. It is then 
used up in initiating movements in the wheels ami 
cranks, all of which are finally retransformed into the 
Molecular Species by friction. If the engine^ is sta- 
tionary, the friction will be between its parts ; if-loco- 
motive, between its parts and* the rails. Ultimately, 
in every case, all the Energy is yielded up to the ether 
in the Kinetic Mode and radiated <fff into space. 

Now what is the conclusion which all these cases 
force upon us? That whenever Forces succeed in ag-v 
gregating masses, molecules, atoms, or electrical units, 
the Energy of their separation, passing into the Kinetic 
Mode, is transferred to surrounding bodies, and after 
many or few vicissitudes is finally handed over to the 
ethereal medium. This is the point which must next 
engage our attention. 



CHAPTER XY. 

THE DISSIPATION OF ENERGY. 


In tlie definition of Eorce given in our second 
cluster, a Forcj? was stated to be a Power which 
initiated aggregative motion and resisted separative 
motion ii*two or* more particles of ponderable matter, 
and possibly also of the, ethereal medium. In the 
definition of Energy, givftn in our third chapter, an 
Energy was stated to be a Power which initiated 
separative motion a^d resisted aggregative motion in 
two or more particles of ponderable matter or of the 
"stkereal mediuvg. This addition in the latter case, and 
its qualified omission in # tlie former, was intentional and 
significant. Though we cannot dogmatically say that 
the ether does not possess Forces, we do not know it to 
possess any ; and if it does, the resistance which they 
offer to separation appears to be almost infinitesimal. 
It may well be that ether is merely a more tenuous 
kind of matter, animated by the same Power as the 
ponderable bydies : but even if it is, we know that it 
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tan be conspicuously affected by Energy, while we 
do not know that it can be conspicuously affected 
by Force . 1 From this difference flows a very im- 
portant corollary which may be formulated as 
follows. 

The Energy 'liberated from the Potential Mode 
when bodies or particles aggregate under the influence 
of Force tends ever to assume the Kinetic Mode;, and 
,to be transferred* from ponderable matter to the 
ethereal medium. 

As Liberating Energies are perpetually setting ft-pe 
Potential Energy, and permitting aggregative motions 
to be set up under the influence of Force, tygl as the 
Kinetic Energy thus liberated is transferred to adjacent 
bodies, a part of it at least must be transferred to the 
ether. Furthermore, as that, part of it which is trans- 
ferred to the ether is radiated off" in every direction 
into space, it must happen that the greater part of it 
is lost for ever to ponderable matter, and imparted 
the ethereal medium. For, although some portion of 
the Energy may meet in its course with ponderable 
matter, and be absorbed thereby, yet inasmuch as the 
interstellar spaces are vastly larger than the inter- 
spersed ponderable heavenly bodies (so that in most 

1 lie mere fact that motion can be lost by ethereal friction, as we 
know in tho case of heated molecules and believe in that of planetary 
bodies, would lead us to suppose that tho ether has something resein- 
blin^ cohesive Force. 
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directions motion may be continued^n a straight line 
for ever without meeting one) it necessarily happens 
that 'the greater portion will never meet with any 
ponderable matter, bul will go on, presumably ad 
infinitum, traversing the ethereal medium. This 
principle, which will be fully expohndgd in its con- 
crete aspect in Part II. of this work, must at present 
be accepted in this its abstract aspect, on the ground 
here laid. ftown. 

Again, though much radiant Energy may fall 
upon any one mass from another (as on the earth 
from the sun), yet inasmuch as this Energy is the cor- 
relative^jf an Aggregation which has taken place in 
the radiating mass, whereby some of its' Potential 
Energy ha. 1 ? become Kin*tic and been imparted to the 
ether, and inasmuch as the portion absorbed by that 
particular mass b£krs an infinitesimal ratio to the 
portion radiated ad infinitum, it must follow that on 
/he whole e ve*y aggregation involves a loss of Energy 
to ponderable matter, and a gain of Energy to the 
ethereal medium. 

Once more, even that portion of Energy which is 
•absorbed by any other mass will in part be used up in 
Liberating Energies (as when solar heat melts a piece 
of ice on a mountain top), and will accordingly itself be 
a cause for future transfers of Energy from ponderable 
matter to tli£ ethereal medium. And finally, this 
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absorbed Energy jtself will in part at least be' radiated 
off from the absorbing mass and imparted once more 
to the ethereal medium. 

We thus'see in every case that all Energy tends to 
be lost by ponderable matter and .transferred to the 
ethereal medium. 
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CHAPTER XVI. 

THE NATURE OF ENERGY. 

We now come to the most abstract and fundamental 
question of all. What is the true nature of Energy ? 
In the beginning of tins book we took it for granted 
that Forcc^was equivalent to Aggregative Power and 
Energy to Separative Power. That first assumption, 
however, is ill reality the point which our treatise is 
meant to prove, and we have tried to prove it by 
running through tin? chief manifestations of Power 
and showing how simply and truthfully they can all 
■k#r»formulated • on this principle. We have en- 
deavoured, in other wo^ds, to point out the perfect 
congruity of our assumption with fact. Having 
done so first in the abstract, we shall proceed to 
show how the phenomena which form the subject- 
matter of the various sciences, and how the concrete 
course of events in the universe, can be expressed 
in terms of our formulas. But before we go on 
to these departments of our subject, we must try to 
gain a clearer conception of the real nature of Energy. 
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Energy is Separative Power. Every Energy in the 
Universe wds primordially a men* statical separation 
of masses, molecules, atom^ or electrical units. If 
there wer<? no such power a£ Force, every one of these 
bodies would have remained lor ..ever apart and im- 
movable. {hit 3s forces draw together these mutually 
attractive material objects, their Energy assumes for 
a moment the Kinetic Mode. The falling water, the 
moving glacier, the oxvgtfn rushing to uiTile with the 
coal, each pass for a shorter or longer period through 
the Kinetic stage. As they aggregate, their Energy is 
given otr in some other form of motion, involving 
separation?. But as they move abotit, the^part with 
this motion in separating other masses or molecules, and 
the attractive Force soon linings them together again. 

And what is tlie meaning of the Law of Conserva- 
tion? Simply this : that the tdfal of statical separa- 
tion, plus the total of motion, in all particles what- 
soever, material or ethereal, is always a con 
quantity. In other words, separation can never yield 
to aggregation without generating an equivalent 
amount of motion, which itself may pass into separa- 
tion of some other sort : while, conversely, motion 
can never cease without generating either an equiva- 
lent separation or an equivalent other motion. Thus 
a body at a height cannot fall without generating an 
amount of motion proportionate in a j^nown ratio to 
its mass and height, which motion itself is transferred 
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on the body’s fall to its several molecules, causing a 
separative action arftongthem ; and this motion is again 
transferred to the ether*- while, similarly, a pi*ce of 
coal cannot combine witB. oxygen without yielding up 
its separation in the. form of molecular motioji, which 
^fiction may raise vapour of water to a considerable 
separation from the earth’s central mass, and be itself 
finally yielded up to the ether. In short, the 
alternative. diodes of Energy are Actual Separation, 
and Motion which eventuates in Separation. 

Furthermore, %io body can be prevented from 
saturating its aggregative tendencies except by an 
Energy. JThere Is no known way in which the total 
of bodies can be kept ap$irt from their closest con- 
junction wifli one anotlx r except by continuous 
motion, like that of a planet, a top, or a vibrating 
molecule. Even the'case of Interference of Forces, 
which at first sight seems an exception, is not really 
:*c(*r hough for iconvenienee’ sake we have treated it 
as such), because to suppose that the suspended ball 
will break its string or the weight push through the 
table is to suppose that a weaker aggregative tendency 
will overpower a stronger one. In all the larger 
bodies of the Universe we see the discrete state main- 
tained by orbital Energy : and in all the molecules of 
liquids and gases on this earth we see the discrete 
state maintained by heat, or continuous vibration. 
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CHAPTER XVII. 

THE NATURE OP MOTION. 

Last of all comes the question, — What is Motion ? 

Divesting our minds of all concrete associations* ;md 

• • 

looking at the phenomenon in itself, we, arrive at the 
following tmfamiliar conclusion. 

Motion is the Mode by. which Energy (or' Separa- 
tion) is transferred from tine portion of matter to 
another, and ultimately from matter to the ethereal 
medium. 

When the Motion is simply separative we see this 
in a moment. A ball fired upward, « weight camufl" 
to a height, or an atom disengaged from a compound, 
show us motion as equivalent to separation, in its 
naked form. When we look at Motion along a 
line at equal distances from the attractive centres — 
as in the case of a locomotive running along a level 
— we do not at first see how the Energy can be con- 
sidered as separative. But as soon as we reflect that 
the Energy required for the purpose i« entirely rela- 
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tive to tlie resistances which must he overcome — a*? 
soon as we recollect that if there werS no friction, 
the initial Energy wou^d caijry on the moving body 
for ever, and that whefe there is little friction the 
moving body continues to proceed for a long period 
iy“ the same direction without conspicuous l<3ss of 
speed — we see that each new increment of energy 
from the burning coal is used up — not in intensify- 
ing the of motion, but in owrcoming friction* 
in wearing down the projecting particles of the 

machinery and the rails, in producing heat, and so, 

* • • • 

ultimately, in setting up separative actions. This 
case leads us oir to that of a planet hafing orbital 
Energy, or a molecule haying Vibratory Motion. In 
both these ihstances the substance to which the Energy 
is imparted is far subtler and more tenuous, being in 
foot, the ethereal medium. Yet in both we see that 
as their Energy is lost, they aggregate with attractive 
1 Yulies, and w<4 thus perceive the separative nature of 
their motion. At the game time we see it as a mere 
incident in the transference of separation from matter 
to ether. Lastly, in the case of aggregative move- 
ments, we see that the Motion replaces for a time the 
separation of masses, molecules, atoms, or electrical 
units, as they rush together ; but we also see the 
same separation afterwards transmitted to some other 
form of matter or to the ether, as heat, light, elec- 
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•trical separation, or some other form of separative 
Energy. 

Again, in every case, the gtlier is the final gainer 
of Energy, hud every Motion hi only an incident which 
ultimately effects the transferof Energy (i.e. separation) 
from matter <to ether. On the surface of our eart^i, 
where so large an amount of Energy is being daily 
poured down by the sun, this truth is masked by the 
fact that new Energy continually replaces the old. 
But if we leave out of consideration the accretions 
thus made to our store of Energy, *ve shall see that, 
every Motion originates in an aggregation — whether 
it be through the fall of a body at «a height, or the 
burning of coal in an engine, or the oxidation of 
food in an animal body — ynd that after the motion 
has taken place, there is a less total of Potential Energy 
on the earth, while the Kinetic Erfergy has been trans- 
ferred, in whole or in part, to the ether. This prin- 
ciple, here briefly alluded to in the abstract, willjje 
fully developed in the portion of this work devoted 
to concrete phenomena. Far more evident, how- 
ever, is this truth when we look to the wider sidereal 
system. There, we see at once that all Kinetic Energy 
is the correlative of an aggregation, and that the 
separative Power, which once divided the ponderable 
matter composing the various suns, is now being 
radiated off, as they aggregate, in the form of ethereal 
Kinetic Energy— or, as we oftener say, of Light and 
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Heat. This Energy, wlien it falls upon such a mass 
as our own planet, at once displays ifs separative 
nature by such phenomena ae the melting of ice, the 
raising of aqueous vapoift 1 , the formation of winds, and 
the production of liying organisms. These questions, 
again, will be fully discussed in the Second P^rt of 
this book. 

Briefly, we may say that the shortest^ formula to 
embrace tlte^ facts of Kinetic Energy is the follow- 
ing: — Motion is the redistribution of separations. 

We have now*completed our rapid survey of the 
abstract principles of Transcendental Dynamics, and 
may proceed to* consider their concrete •manifesta- 
tions. ^-Before doing so, it was the author’s original 
intention to glance briefly in a separate Part at certain 
other subordinate facts connected with the development 
of the subject. The iAws laid down in the present First 
Part mostly refer to thatNdepartmcnt of science known 
as ^Physics ; tl*>ugh we have treated incidentally of 
many facts commonly Spoked upon as chemical and 
electrical. A special Part ought to have been dedi- 
cated to a brief examination of certain qualitative 
propositions in Chemistry and Electrical Science : but 
this task, unfortunately, the author has found impos- 
sible of achievement with his existing knowledge. 
He therefore proceeds at once to the concrete mani- 
festations. 


a 
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CHAPTER I. 


DYNAMICAL- FORMULA OF THE UNIVERSE. 

We have now to consider in their concrete appli- 
cations the abstract laws laid down in the First 

* • • 

Part. Our chief object in doing so will be to show 
how singly and* clearly the wider dynamical relations 
of Jjie Universe can be comprehended under our con- 
ception of Force and Energy, as two mutually op- 
posing and indestructible forms of Power. 

If we conceived Universe without any inherent 
Force, all of whose atoms stood at varying distances 
from one another, w r e can see that it would con- 
tinue for ever motionless, all its Energy remaining 
in the Potential Mode as simple statical separation . 1 * * 


1 In the current language of Physics, such a state of separation 

would not be spoken of as Potential Energy at all. It would only be 
considered as such when a Force attracting the atoms had been intro- 

duced into the closed system. It is unfortunate that we must use the 
term 4 Potential * in such a case ; but as we have here kept it through- 
out, instead of the simpler and more logical phrase 4 Energy of Statical 

Separation * proposed in an earlior page of this treatise, it will be better, 
in spite of the verbal incongruity, still to continue its use in this Part 
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There would he nothing td draw together its seat- 
tered parts, ot- to set up motion iy a single one of 
its particles. On the other hand, if we conceive a 
Universe actuated only by Farce, we can see that it 

would aggregate immediately if it were in a discrete 

« « . * 

form, .or that it would preserve* its inertia if it were 

already absolutely aggregated. There would be no 

Conservation of Energy, and each mass, as it glided 

into the central wljole, would simply subside without 
• ... . 

communicating its motion or separation to adjoining 
masses. But the only Universe wjiich we knowjjy 
observation is actuated both by Force* and Energy. It 
consists in part of ponderable atoms, molecules, and 
masses, each of which tends to aggregate with the 

i * 

others, but each of which can only geb rid of iU 
separation by passing it on to some other substance, 
either as separation or as its equivalent, motion. It 
also consists in part of other relatively imponderable 
particles, known as ether, occupying all the inter- 
spaces, great or small, between the ponderable bodies, 
and capable of receiving and imparting Energy from 
or to the ponderable units. And inasmuch as all 
moving bodies part with some portion of their motion 
to every other body with which they come in contact 

Of course the word ‘ Energy ’ itself ill describes such a Power as that 
which we have envisaged under that name— a power whose chief 
primordial manifestation is wholly statical. But we have thought it 
well to continue calling it by the most familiar name^ 
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in every • direction, and, 19 further, inasmuch *as tli® 
interspaces of poi*derable bodies are inflhitely greater 
than* the space occupied by suc|i bodies, ij, must 
necessarily follow that the total amount of energy re- 
ceived by the ether ffom all ponderable bodies must 
beTery much greater than the total -amount of Energy 

c * 

received by all ponderable bodies from the ether. 
In other words, the ponderable bodies must be 
aggregating^ and passings, on tlu»ir Energy to the 
ether. 

-Our Dynamiaal Formula of the existing Universe, 

*• . 

so far as it is known to us in its present stage, 
will therefore Ue a deduction from the Law of the 
Indestructibility of Power — that is, from the joint 
principles df Persistency of Force and Conservation 
of Energy. It may be stated as follows. 

All the ponderable bodies of the Universe are 
continuously aggregating under the influence of 
Forces, and aj;e imparting their Energy to the ethe- 
real medium: such continuous aggregation being 
only locally interfered with where the Energy 
imparted to the ether by one aggregating mass falls 
upon the surface of another mass, and there sets up 
temporary separative action, in opposition to the local 
Forces. 

It may be added that such local separative action, 
as hinted above, is not sufficient in amount to counter- 
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act the* general ^ggregative'aetion, ami that, in con- 
sequence, th<? ponderable matter of the Universe is 
daily Incoming, ag a wliole, ljiore aggregated, tdiile 
the ethereaPniedium is daily becoming more energetic: 
though we have no means of knowing whether the 
Energy absorbed by tlie ether continues always iittlij* 
Kinetic Mode, or finally assumes the form of statical 
separation. 

We have now t« apply this Formula to the. explana- 
tion of the concrete phenomena presented by the 
Universe in its various portions. Our explanation 
will serve a double purpose, as a, decfuc.tive alliliation 
of the several sciences on the Law of.tlie Indestructi- 
bility of Power, and as a verification of our abstract 

* t ''"H. p 

principles by their exact coincidence withVell-known 
facts. 



CHAPTER II. 

1'IIE SIDEREAL SYSTEM. 

Tiie life-history of the material Universe, as known 
and predictable .by ns, is the history of its passage 
from a diffused nebulous state to an aggregated solid 
state, through a, vast number of intermediate stages, 
eachone of which is an advance in aggregation upon 
the stage Yfhicli preceded it. Whether or not the 
universe had any previous state to that of the earliest 
known nebula, whether it will have any later state 
than that of the absolutely aggregated mass, are 
speculative questions into which we will not enter 
in the present treatise^ It will be sufficient for our 
purpose to trace the history of matter in its existing 
phase, from its first known form as numberless dif- 
fused atoms, to its last knowable form as a single 
aggregated mass. 

All modern science compels us to posit as start- 
ing point a primordial state of the Universe in which 
its various masses, molecules, and atoms stood apart 
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from oAe another at unknown distances. But each 
particle had 'inherent in it those forces which were 
destine^ in the future tQ effeqp its aggregation Vith 
every othei* Accordingly, *however we figure to 
ourselves 4 the beginning as absolute or relative (and 

it must be ajlowfed that we have here reached v the 

* • 

utmost limits of our conceptive faculty), we cannot 
but suppose that from the moment of that beginning 
the various particles began to set at on#.e. towards 
one another. The primordial form of Energy was 
therefore all Potential, and it must immediately have 
begun to assume in part the Kinetic Slode. 

If we assume that the primitive oosmical nebula 
was perfectly spherical in shape, and absolutely 
homogeneous and uniform pi the disposition of its 
various atoms, then we can hardly resist the inference 
that, as each particle would be qrtite evenly attracted 
towards the common centre of gravity, there would 
have resulted a single aggregating sphere, wli©se 
Potential Energy would all hav t e passed into the form 
of heat as the atoms clashed together, and would 
have been slowly communicated to the circumambient 
ether, until the whole mass had assumed its most 
aggregated shape. But as we do not find this condi- 
tion fulfilled by the existing Universe, we must con- 
jecture that the primitive nebula was not uniform in 
shape or in texture — that it enclosed within it groups 
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of tenuous matter more or less separated front otliei* 
groups by lines of demarcation more of less strong. 
Such* inequalities of distribution, may have bgen in- 
finitesimal ; for it is only necessary to cTlir purpose 
that certain atoins ; besides their general gravitation 

towards the common centre, should also have dis- 

• * 

played a special gravitation towards special centres. 
Granted this, the reason for the discrete condition of 

the sidereal masses becomes obvioies. 

• » 

But when each ultimate particle began to unite 
with each other particle, the Law of Conservation de- 
manded that theft* Energy of statical separat ion should 
not die out as they coalesced, but should pass on to 
some other body or assume some other form. The 
manner in trliich it actually shows itself is that of 
heat. Within each sidereal mass, the atoms are in 
a fierce state of vibratory movement, the correlative 
of their previous separation and of the Kinetic Energy 
of their mutually aggregative motion. This vibratory 
movement is perpetually being communicated to the 
adjacent ether as Badiant Energy, and a correspond- 
ing aggregation within the sidereal mass is perpetually 
taking place. Each sun is thus a body of aggre- 
gating atoms, being drawn together from moment to 
moment by their inherent Forces, while their Energy 
of statical separation, after passing into the continuous 
Kinetic form as true Heat (molecular vibration), is 
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yielded up, little; by little, to the adjacent particles of 
ether as Radiant Energy. The Energy thus absorbed 
by tliQ ether is , passed on Jjy it from particle to 
particle of fts substance, radiating in every direction 
throughout all space. Some ‘smpll portion strikes 
the surface of otir planet, both from our own' suji 
and others like it ; and it is known to us as light 
and lleat. 

We thus see 4hat all f the Energy of* flight and 
Heat radiating through the whole of space from the 
various material masses has for its origin the statical 
separation of the primordial nebula. But is this 
equally true of the Kinetic Energy of tlieii^ various 
relative motions P There is reason to think that 
it is. 

The Universe as a whole has a common centre of 
gravity, towards which all its ^various masses are 
attracted. Those masses still possess Potential 
Energy in virtue of their separation lrym one another 
and from this central point of union : and it is clear 
that if they were to aggregate suddenly round that 
point, their Potential Energy would become Kinetic 
as they fell, and would be transmuted into Heat as 
they clashed together at the common cosmical meet- 
ing-place. It would then be radiated olF into the 
ether, and the matter would gradually assume a solid 
and perfectly aggregated form. Now,, it is possible 
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that some of the sidereal masses may be thus gravi- 
tating towards the common centre in a direct line ; 
and if they are, then it» is clear that their motion is 

... tit ® 

the correlative of their previous separation. But 
it is more probable that* the various suns* are pre- 
vented from aggregating directly with *one another 
by some form of continuous motion. We are sure 
in the case of the best-known large massos — the earth 
and other *planets — that "they arS prevented from* 
aggregating with their relative centre, the sun, by 
tlig* continuous Biiergy of their orbital motion. We 
also know that certain special suns — the double stars 
— have such a Relative motion with regard to one 
another. We further know that all stars have a 
proper motion whose cycle is so immense that it 
cannot be measured by the short period of human 
observation. It is probable, therefore, that the 
ascertained cause which prevents central aggregation 
in 'the known «ases (namely, orbital motion) may be 
fairly extended to the unknown cases. We may 
conclude, accordingly, that all the heavenly bodies 
are prevented from aggregating around the common 
cosmical centre of gravity owing to their possession 
of a relative orbital movement. Of course, there may 
be many cycles of such orbital movements one with- 
in the other, as we know to be the case with the 
satellites wliioli circle round a planet, while the plane 
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■circles round \\fe sun, and the sun lias liis own proper 
motion. All that is contended here is merely this 
— that? each mass dr set? of masses is probably pre- 
vented from aggregating witfi each other mass or set 

of masses, around their relative? centre, or around 
7 * 9 • 
the ’absolute* cosmical centre, by some continuoTis 

Kinetic Energy, analogous to the known orbital 
motion of the planets and their satellites. Now, is 
t this continuous Energy tlie transmuted 4onn of pre- 
vious separation in the parts of each mass ? In the 
best-known case — that of the inasseg composing *the 
solar system — astronomical authority Jias decided 
that it is. Laplace has shown fhat tli« orbital 
motions of the planets and satellites, as well as the 
axial motions of the sun afid its dependent bodies, 
may be accounted for by the falling together of nebu- 
lous matter, whose Energy of separation, becoming 
Kinetic in the act of aggregation, and then receiving 
a check, communicates motion to tlte whole nfliss. 
In what way this axial motion is converted into 
orbital motion we shall see when we come to consider 
the solar system in the next chapter. For the pre- 
sent it must suffice to point out that the Energy of 
relative motion in heavenly bodies is thus probably 
due, like their Energy of Heat, to the primordial 
Potential Energy of their originally separate and 
discrete particles. 



THE SIDE A L . S YS TEM 95 

Again, is this Molar* Kinfetic Energy of relative 

motion in the various heavenly bodies being yielded 

up to the ether, as wejsaw to bg the case with their 

Molecular Kinetic Ene*gy, which is being dispersed 

from moment to moitient through all space in the 

radiant form? Tlxerts are reasons for thinking that 

this also is the fact. It is now pretty generally 

admitted that orbital Energy is slowly lost by ethereal 

friction injhe case of thct planet^: and* there is no 
• • • 
reason to doubt that it is equally lost in the case of 

these larger magses, the fixed stars. And as the 

Kinetic Energy’of Orbital motion seems to be the 

only barrier to # aggregation under the influence of 

gravitation, it will follow that as this Energy is im- 

• • 

parted to tlie ether, the various heavenly bodies will 
draw closer and closer together, until, when all their 
Energy has been transferred to ether, they will 
acsretrate in absolute contact around their common 
centre. 

v 

Let us restate then, in a simpler way, the proba- 
ble conclusions to which we are led. The Material 
Universe originally existed as avast nebula of discrete 
particles, in which Persistent Forces and Conservative 
Energies were inherent. As its Forces drew together 
the particles into several masses their Potential 
Energy became Kinetic. Part of it assumed the 
Molar form, and drove the various masses in orbit 
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within 'orbit around thfeir Relative centres, -and, ulti- 
mately, round the common cosmical centre. Part of 
it assumed the Molecular form, and kept the fnole- 
cules of each mass in a state of rapid continuous 
vibration. But each Kinetic Edergy alike was and is 
continually being* yielded up to ’the ethereal modi 1119. 
As Radiant Energy, the Molecular motion is from 
day to day imparted to the ether, and transmitted to 
the furthest ends <jf space.* Some small joertion of it 
falls upon other material masses, scattered like lonely 

islands in the ocean of ether, and may there set* up 

• 

separative action : but the vastly greater portion is 
never again expended on a particle; of matter. As 
ethereal friction, the Molar motion is more slowly 
vi elded up to the other, in^which it produces (pro- 
bably) waves of heat (or low-powered radiant Energy). 
And there is no reason to doubt ^hat this process will 
go on indefinitely until it reaches its final result. The 
Molecular Motion will probably be c^ssipated ujitil 
each mass has grown cold and inert : the Molar Mo- 
tion will probably be dissipated until all the masses 
aggregate round their common centre. The Material 
Universe, which began as a number of discrete par- 
ticles, will end as a single aggregated mass : all the 
Energy which was inherent in its separate form will 
have been transferred to the ether : and motion will 
have been the means of transference, the repre- 
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sentative of the separation daring its intermediate 
stage. 

Of course, in this brief sketch, of the cosipical life- 

• • ‘ «» • 

history many incidents of vast relative importance are 

necessarily omitted. Gne mass — whether sun, planet, 

• « • 

or satellite, — circling Yound another ma^ part -with 

• • 

its Molar or orbital Energy, and may aggregate with 

its central mass, long before other masses have done 
so. At the yioment when two suclijjodies aggregate, 
doubtless some portion of their Molar Energy will 
still remain, and {jhis will probably be converted into 
the Molecular spfccies? and radiated away as heat and 
light. But such minor incidents, forming the several 
steps of the great process by which matter is aggre- 
gated and Energy dissipated into ether, do not inter- 
fere with the main process as laid down above. 
Moreover, as the history of one such episode — that of 
the solar system — will be more fully considered in 

our next chapter, it is less necessary to enter into 

-» • 

details at the present stage. 

This chapter contains much that is purely specu- 
lative and may raise objections in many minds. That 
is inevitable, considering the vastness of the subject 
and our ignorance of the facts. But as we progress 
to the solar system the speculative character of our 
explanations will gradually decrease : and when we 
reach our own planet — the most practically important 

u 
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*to ourSelves — the element of hypothesis will-disappear 
altogether. For symmetry’s sake, however, it is neces- 
sary that the less ^etjr tain cosmieal application of our 
principles should precede the* more certain mundane 
application. 
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CHATTER HI. 

THE SOL4R SYSTEM. 

Among the minor aggregating masses into which the 
comical nebula* may be supposed to have split up, 
in the course of its general aggregative cycle, was 
a group.of matter out of which our own solar system 
has been developed. Tn its earliest separate phase we 
may suppose this group to have consisted of various 
minor portions, in varying stages of aggregation, re- 
volving in a single direction around their common 
centre. (Details about the direction of Neptune and 
Uranus may l*e safely neglected.) We may further 
suppose that the nebulous or quasi-nebulous mass 
thus composed again divided itself, along its weakest 
cohesive lines, into other portions, which have aggre- 
gated into the existing planetary groups ; while these 
latter again subdivided themselves into the central 
masses and their satellites. It is immaterial for our 
purpose whether, with the earlier evolutionists, we 
regard these changes as taking place in a relatively 

H 2 
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homogeneous substance, a diffused nebula, or' whether, 
with tlieir later followers, we set them down to ag- 
gregative action i*rhomparati»vely solid and discrete 
masses (meteors), like those w^liicli we know to exist 
in large • tracts within the sphere of the solar 
system. ihit the important point to notice in either 
case is this, that these groupings and sub-groupings 
took place uijder the influence of Forces, and that the 
•Potential Energy oY separat ion between tjfe juasses or 
molecules became Kinetic as they clashed together, and 

assumed the form of Heat. The various masses thus 

• €■ * 

became each of them a little sun, aggregating around 
their several centres, and radiating their Energy into 
the surrounding ether. As jn other cases, some small 
portion of this Energy would fall upon neighbouring 
masses, belonging either to the same system or to other 
systems, and would there do a little towards retarding 
the aggregation of their matter and the dissipation of 
their Energy ; but the greater portion w>uld doubtjess 
be lost in the vast interstellar spaces ; so that the gene- 
ral result would be a loss of Energy to matter, and 
a gain of Energy to the ethereal medium. 

The various planets and satellites thus formed 
would still possess Potential Energy in virtue of their 
continued separation from one another. They would 
also possess Molar Kinetic Energy in virtue of their 
orbital movement, which acts as a preventive to their 
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immediate aggregation with their* common centre, 
the sun. And, Anally, they would possess Molecular 
Kinetic Energy through tlfe vil5*atory movement of 
their molecules, derived from the previous Kinetic 
Energy of their aggregative motion. But as their 
•particles vibrated, they would part* from moment 
to moment with portions of their Energy to the 
surrounding ether. This loss of Energy would only 
largely aflfcet the periphery of ea?li mass, and would 
at first be inconspicuous at the centre. It would also 
affect the smaller masses much more rapidly than the 
greater, for two reasons ; both because the amount 
of aggregating *matter being less, the amount of heat 
generated would also be. less ; and because losses of 
heat from the periphery* could not so easily be made 
up by conduction from the centre. The smaller 
masses would accordingly cool at their surfaces at 
comparatively early periods ; while the larger ones, 
in ’proportion to the amount of unaggregated matter 
within the sphere of fheir attraction, would continue 
for long periods to receive fresh accessions to their 
molecular Energy, and to radiate Light and Heat 
into the surrounding ether. Especially would the 
largest mass of all, the central sun, continue for an 
immense era to aggregate the surrounding masses 
and to radiate the liberated Energy into the space 
around. 
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Further, we may conclude that as the surface of 

each mass parted with its Energ£, its superficial 

* 

molecules would IxvSrawn together by the Forces of 

cohesion au<f chemical affinity* We should thus get 

« 

a solid cohering framework, on the exterior of each 
mass, ‘as soon' it had partec] with a considerable* 
portion of its molecular Energy to the surrounding 
ether . 1 Through this cohering crust, the central 
Energy would sloWly escape by conductfbu : until, 
sooner or later, we might expect each such mass to 

consist of a cold and inert collect idh of molecule^ 

« * 

the whole Energy of whose previous separation had 

I 

been yielded lip to the ether. But# a special inci- 
dent of this transference might occasionally occur to 
break the monotony of its simple course. As the 
central Energy escaped through the cohering crust, 
there might be a tendency for the interior molecules 
to be drawn together under the influence of cohesion 
and gravitation. A second crust would* thus tend f to 
form itself beneath the outer one. Thereupon, the 
Force of gravitation might outweigh the cohesion of 
the outer crust, which would yield under the strain 
and fall in upon the subjacent mass, breaking along 
its line of least cohesion. Each such fall would be 

1 The cases of the ocean and the atmosphere, which appear to 
contradict this general statement, but whose form is really due to the 
separative action of radiant solar Energy, will be treated in the next 
chapter. 
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itself a change of Potential into aggregative molar 
Kinetic Energy, as the masses fell together ; and 
when they clashed, the Eifergy***would ^assiftne the 
molecular form and be given off as heat. But, how- 
ever the aggregation tabes place, as the matter of 

• ' + * 0 
t f ach group aggregated* more and moro closely round 

its centre, the Energy of its previous separation would 

be given off as heat, and would finally be,imparted, as 

in every ©t%er case, to the ethereaf medium. 

While each mass was thus parting (by radiation) 
with the Molecular Kinetic Energy resulting from its 
previous separation and aggregative motion, it would 
also be* parting, though more slowly (by ethereal 
friction) with the Molar Kinetic Energy of its orbital 
motion. Each satellite Would thus be drawing pro- 
gressively nearer traits primary, and each planet to 
the sun. As every unit of Energy was lost, gravita- 
tion would draw the body one unit nearer to its 
relfttive centre. It might thus be expected that each 
satellite would aggregate with its primary before the 
primary planet aggregated with the sun. At each 
such aggregation, though the greater part of the 
orbital Energy would doubtless be already dissipated, 
yet it is probable that as the two bodies glided to- 
gether (for they would not fall, as is often erroneously 
said) there would be a considerable residue of Energy 
still remaining, which, 011 the shock of collision, 
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would be converted into molecular motion (or heat,), 
and would be sufficient to reduce the bodies to a 
molten*state. But^this Incident, instead of interfer- 

• # t 

ing with the final aggregative ^process, would really 
hasten it*: because the new upitcfd body would at 
once begin radiating off its heat into space, and qneS 
more cool down to a mass of cold and inert molecules. 
In other words, all the remaining Energy of separa- 
♦ion belonging to the satellite in virtue of»iti? discrete 
condition, and all the remaining Kinetic Energy of 
its orbital motion, would thereupon fie dissipated ink) 
the surrounding ether : and the united mass would 
continue to gravitate slowly towanls the, central 
sun. What is thus probable of the satellites in 
relation to tlieir primaries is®equally probable of the 
planets in relation to the sun. As their Energy of 
orbital motion is dissipated by ethereal friction, we 
conclude that they are drawing nearer and nearer, 
step by step, to the centre of our system. And thtre 
is no reason to doubt that they*will continue to do so 
until they each slowly aggregate with the central 
mass, converting their remaining Energy as they 
(dash together, into heat, which will itself go for a 
time to swell the volume of solar Energy, and will be 
radiated off like the rest into surrounding space. 
Finally, when the sun has aggregated with himself 
all the matter of the solar system, we may conclude 
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that he will ultimately radiate off all the molecular 

Energy derived from their aggregation, and become 

himself a cold and inert mass, Nike some o( those 

burnt-out stars revealed to us by astronomy. And 

> 

then we may imagine that this single sphere, which 
contains all the matter, of our system, will itself pro- 
ceeavjto aggregate with some other mass, in that 
general cosmical group of which it fprms an un- 
important •anember. (Tf coursfc, it is impossible* 
to conjecture which of these aggregations will take 
pjjice first ; and It is quite conceivable that the whole 
solar system might clash with some other group of 
worlds before it* various members had time to aggre- 
gate in this regular order with one another ; but if 
our suggested theory of* a general subordination of 
systems and cycles to a common cosmical centre be 
correct, then just as each satellite would aggregate 
with its primary before that primary had time to 
aggregate with the sun, so each phmet would have 
aggregated with the tun before the sun had time 
to aggregate with its superior mass. However 
this may be, it will be sufficient if we regard the 
probable course of events in the solar system as a 
specimen of the probable incidents everywhere ac- 
companying the course qf aggregation round the 
common cosmical centre, and briefly hinted in the 
preceding chapter. 
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At the present moment of time, we occupy a 

• f 

middle point in the systemic epoch thus sketched^ out. 

The suft, our cent rdf mats, is still in a state of rapid 

* . • 

molecular motion, which lie^ imparts as Radiant 
En ergy to the ether. IIe» lias > yfct much outlying 

« V i « • 

matter to aggregate, and it seems probable that squall 
aggregations are from day to day taking place* Of 
the planets, the smaller have cooled down sufficiently 
<o possess a firm and coherent outer crus/, while the 
larger are still in a very volcanic state. The satellites 
have probably radiated away all tlieir proper heat, 
and are already cold and inert to their centres. The 

4 / # 

surface of the most easily observed, uur own moon, 
shows the vast corrugations which result from the 
continual collapses of the erfist upon the once heated 
nucleus, and the react ions of the molten interior upon 
the coherent outer shell : — corrugations relatively (if 
not absolutely ?) much greater than any at present 
found upon the surface of our own •earth. Sdme 
small fraction of the Energy Vadiated from the sun 
falls upon the cooled exteriors both of planets and 
satellites. Of this, the greater portion is reflected 
back by dispersion, as we see from the case of the 
moon, in every direction (only a small fraction of 
this fraction again falling upon other masses). But 
a certain lesser portion is used up in heating the outer 
crusts, in setting up evaporation, currents, and winds. 
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and in producing the phenomena ©f organic life. 
These secondary 'separative reactions of radiated 
Energy upon the surface of a picket form the* great 
mass of those phenomena'which are generally observed 
by human beings. 



io8 


CONCRETg OR SYNTHETIC 


CIIAITER IV. 

TIIK EARTH. 

As we pass from the solar system to our own planet, 
we leave the region of hypothesis, dnd arrive at ilpit 
of known facts. 

The earth is a collection of material particles, the 
vast majority of which, sp far as revealed to our 
observation, are in a state of stable aggregation 
with one another, molar, molecular, chemical, and 
electrical. Its centre may be — and probably is — still 
occupied by a molten (though rigid) mass, whose heat 
has not yet been fully conducted away e but the outer 
crust, except at its exposed surface, consists of matter 
aggregated in those molecularly cohering and chemi- 
cally passive masses known as rocks. Its exterior is 
not absolutely regular, but is in places corrugated 
into certain elevations and depressions which we call 
mountains, tablelands, valleys, and ocean-beds. The 
portions elevated above the general level possess 
Potential Energy in virtue of their elevation : but the 
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Force of gravitation being interfered with by that 
of cohesion, this Energy cannot assume the Kinetic 
Mode without the intenjentioa of Jfci external Liberat- 
ing Energy. In short, flhile the centre oT the earth 
may still possess some molecular Energy of .its own, 
which is only slowly escaping througlf the older 
crust, its hard exterior is for the most part thoroughly 
aggregated and almost devoid of relative Kinetic 
Energy, e$o%pt so far as if obtains*small daily incre- 
ments from the solar radiation. 

if for a momcftit we leave out of consideration the 
solar Energy thus absorbed, we can form some con- 
ception yf tlie appearance which the earth would 

possess, supposing it left ^o its own resources. The 

• • 

whole ocean and all the* other water on the earth 
would be frozen into a solid mass. There would be 
no plants or animals on the surface, nor any winds, 
storms, rain, snow, or lightning. What might be the 
condition of the atmosphere we cannot say ; but we 
may guess that it would be greatly diminished in size, 
if not absolutely reduced to a solid form. Motion 
upon the surface would be all but unknown : the 
oidy movements which could ever cceur being those 
which would occasionally result from those internal 
causes that give rise to earthquakes and volcanic 
eruptions. These would still take place, as the 
gradual loss oj' Energy from the central mass would 



1 10 


COXCKF.TK OK SYNTHETIC 


make *t he Force of gravitation outweigh that, of co- 
hesion; and the Potential Energy which thereupon 
would be mobilised’ might act as a liberative agent, to 
certain masses on the -slopes* besides causing perhaps 

a temporary melting of £ome small portion of the. 

■» 

solidified ifrajer * through volcanic heat. But 'these 
incidents would themselves only accelerate the loss 
of the remaining proper Energy of our planet, which 
would soon.be iirtparted t'o the ethereal Rhodium, and 
leave our earth at. last a perfectly inert mass of 
aggregated particles. 

In the world as we know it, however, very dif- 
ferent phenomena are observable ; and all Jliese are 

due to the separative aetiop of Energies radiated from 

• • 

the sun, which fall upon oar earth, acting partly as 
separative agents for the superficial molecules, and 
partly as liberative agents for the various Potential 
Energies whose mobilisation is prevented by inter- 
fering Forces. Falling upon the :tfinospheref the 
Kinetic Energy of ethereal undulation prevents its 
aggregation and keeps it permanently in the gaseous 
form. If it be objected that the non-absorption of 
radiant heat, by the gases of the atmosphere is opposed 
to this view, it may be answered that actual absorp- 
tion is not necessarily implied : it will be sufficient 
for our purpose if the original molecular mobility of 
the gases is not diminished by eomnymication with 
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the ether.- We cannot eiperifnent. upon the conduct* 
of oxygen or nitrogen at the absolute *zero of tem- 
perature, but we liave # no ^easan to doubt Jhat at 
some extremely low peint they would* follow the 
example of all other bbdies, part with their molecular 
Energy to the surrounding ether, mid^pass through 
the liquid into the solid form . 1 We know already 
that carbonic anhydride can assume the frozen con- 
dition, arn^it is hardly •probably that the simple 
atmospheric gases would not do the same, under 
similar circumstances, could we only command suf- 
ficient Power lift' th£ir liquefaction. Falling upon 
the water, the ethereal Energy acts in opposition to 
its cohesive Force, and keeps it habitually in the 
liquid state* at least in tropical and temperate 
climates. Nor is it only by compelling them to 
assume the gaseous iml liquid forms that the ethereal 
Energy displays its separative nature on air and 
watpr : it also acts in opposition to gravitation. It 
, heats many water-molecules till they evaporate, and 
then raises them to considerable heights in the air. 
It expands the atmosphere of the tropics (by conduc- 
tion and convection), and causes the phenomena of 
monsoons, winds, and storms. In a similar way it 
produces the ocean currents. And it thus becomes 

1 Since this was written, the solidification of oxygen has been 
actually accomplished. 
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'tlie cause of all, motions on the face of the earth, 
except those* of organic beings, t<9 be treated here- 
after. . It must noticed, throughout, however, 
that these disintegrative effeefis are only directly pro- 
duced upon the liquid aijd gasepus substances in 
which the force *of cohesion is very slight. Those 
more solid and coherent masses, the rocks, are little 
acted upon, and that only indirectly, by Liberating 
.Energies in the liquids anti gases, as wil^more fully 
appear hereafter. 

But the Energy which thus falls *ipon the surface 
of the earth from day to day, anTl sets up these sepa- 
rative actions in its less coherent superficial molecules, 
does not long remain upon the face of our planet. 
Each portion of the earth’s .surface is turned (on an 
average) for one half of each twenty-four hours to- 
wards the sun, and for one half %way from the sun. 
The heat which struck it during the day and was 
partly absorbed by its superficial molecules is more 
or less radiated away to the et]jer during the succeed- 
ing night. In such a case as that of Sahara, where 
there is no organic life on whose production the 
Energy is permanently expended, and little vapour of 
water to retain the heat — almost all the Energy re- 
ceived during the daytime is radiated away at night, 
so that the thermometer often sinks below the freez- 
ing point. Here we have the naked facts uucom- 
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plicated liy the problems of life and “the interference 
of riyu and wind. * On the ocean, the solar Energy 
absorbed by the water raises* large masses of Watery 
vapour to a considerable height. There, the vapour 

o 

parts sooner or later with «ome of its Energy to the 
ether, and aggregating jn the form of rain, converts 
the remainder from the Potential to the Kinetic Mode, 
finally yielding it up again as heat when it once more 
reaches the\ ocean. So in this* ease too, though* 

less conspicuously than in the former, the absorbed 
EyfeVgy, after caiflfing temporary separations, is before 
long dissipated, while the particles which it affected 
once moje aggravate in obedience to their inherent 
Forces. On the ordinary fertile land-patelies the 
solar Energy is partly returned at once by radiation, 
as in Sahara ; partly, used up in evaporation, as on 
the ocean ; and partly employed in the production of 
living organisms. In the first case, the retransference 
of the Energy rfo the ether is obvious ; in the second 
case, though less immediate, it yet takes place, as ex- 
plained above, when the vapour falls again as rain ; 
but in the third case, the transfers are more involved, 
and will have to be treated in separate chapters. 
It will be enough for the present to point out that 
every organism sooner or later dies, and that then the 
Energy which was embodied in its production is 
once more gi^en up to the ether on the chemical 

i 
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aggregation of fixygen and other decomposing agents 

with its component atoms. 

Let us now loolf in detail «nt a few of the ways in 
which the separation, yieldecf up to the ether by par- 
ticles of* solar matter as they aggregated, is recon- 

t f * *, • 

verted into separation between slightly-coherent mun- 
dane particles, and is finally transferred again to ether. 

A lake in the northernmost part of the temperate 
1 zone is frozen over during the winter. ^The compa- 
ratively small amount of solar Energy which affects 
it does not suffice to separate its particles from tftfir 
cohesive union, but when the earth shifts its posi- 

e 

tion by oscillating slightly on a particular t axis, the 

conditions of aerial refraction are altered, and the 

1 

amount of radiant Energy •which is concentrated on 

rv 


this particular spot is largely increased. The first 
effect of this Energy is to loosen the aggregated mole- 


cules from their solid state and to make them assume 


the liquid form. The Energy thus absorbed remains 
in the water as ‘ latent heat,’ hi other words either as 
Potential Energy of separation or as Kinetic Energy 
of motion : and when the water again freezes, it is 
yielded up to the surrounding atmosphere, often in 
the visible form of warm mist. After the separa- 
tive Power has produced this first effect in melting 
the ice, fresh quantities tire from day to day poured 
upon the surface of the now liquid lnjcc*. Here, the 
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heat produces further separation between the super- 
ficial molecules, so that even the flight cohesive power < 
of liquids is overcome* and the particles* assume the 

vaporous state. Thereupon they are raised into the 

• • 

air, and drifted about by the winds, jwhick themselves 
result from the separative action of heat. After a 
time, the particles lose by radiation and convection 
much of their Kinetic Eneijgy, and ^egin once more to 
aggregate* lhto rain-drops. These fall upon tlxe sur- 
rounding heights, and finally find their way again into 
tire lake. But the Energy which raised them has by 
this time beon dissipated, and fresh Energy will be re- 
quired to make ’them once more assume the form of 
vapour. Nor is this all. As the drops fall upon 
the mountain side, the}' employ part of their Energy 
in overcoming the cohesion of its molecules. In this 
way they slowly wear away the elevations on the 
earth’s surface, and carry down their particles to the 
valleys or the Sea. In so doing, they act as liberating 
agents for the Potential Energy of these masses, and 
so assist in working out the general plan of aggrega- 
tion. It is true that new mountains are from time to 
time slowly upheaved in place of the old ones, buV 
these are themselves mere apparent exceptions, as 
they really represent a general lapse of the surround- 
ing crust : and their heights are in turn worn down 
by watercourse, glaciers, and percolation. In short. 
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the solar Energy expended in evaporation is ulti- 
mately employed as^a liberating agency for the ♦Po- 
tential Energy of separation possessed by such masses 
as are raised above the general, gravitative sea level 
of our planef. TJiese masses, though their cohesion 
is for a while destroyed, aggregate in the end as new 
sedimentary deposits ; and so the whole process be- 
comes merely one more step in the. gradual aggre- 
gation of matter and dissipation of Energy to the 
ether. 

Winds and storms act in similarhvays. Theytyl 
arise from some kind of separation, produced in air 
or water by heat ; or from the subsequent cwoling of 
the heated masses. In the*first case, wq see the ab- 
sorption of separative Powef ; in the second case the 
re-establishment of equilibrium <h ) its disengagement. 
They, too, act as Liberating Energies for the Potential 
Energy of masses elevated above the general gravita- 
tive level, as when they blow down frees, walls" or 
stones, and beat the waves agafnst a cliff. In one way 
or another, every Energy which falls upon our earth 
from the sun is employed in wearing down all in- 
equalities of surface, — that is, in liberating masses 
possessed of Potential Energy, and permitting them 
to obey their gravitative impulses. 

The special case of lightning demands a brief ex- 
planation. Throughout, we have dealt lightly with 
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electrical phenomena, and we musk do so here once 
luofe. The Potential Energy of the Reparative electri- 
cities in the thundercloud *&nd % the earth Is m some 
way a product of solar Energy. So long as they remain 
apart, there is some kind of statical separation between 
unknown units generally aggregated. • %t last,*some 
liberating Energy in the shape of wind or heat brings 
the charged masses within range of their mutual affi- 
nities. Ai% once a discharge take? place, and the Po» 
tential Energy is liberated as Light, Heat, and Sound ; 
ajt'of which are •finally turned loose upon the ether as 
radiant Energy, to pulse perhaps for ever, through the 
interstellar spaces. The only peculiarity of the case 
is the conspicuous and instantaneous way in which 
the Potential Energy is* liberated and assumes the 
Kinetic Mode. 

So, too, with many human machines. Organic 
phenomena will demand careful separate treatment ; 
and until thi* has been given we cannot properly un- 
derstand such a case *s that of a steam-engine, where 
the prime Energy is derived from organic products 
like coal and wood. But certain simpler machines 
like water-mills and windmills may conveniently be 
explained at the present stage. The water which 
falls from clouds on an elevated patch of ground still 
possesses Potential Energy in virtue of its separation 
from the general gravitative level, and as the force of 
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'gravitation is very little interfered with by cohesion 
in the case ot liquids, the water itf enabled .to form 
into a stream, and rifn down t<j the sea. On the way, 
under ordinary circumstances, it parts with most of 

its Potential Energy by friction, or .yields it up in fall- 

« 

in<* jfsheat . *B # ut Miere a considerable fall occurs' it is 
possible to employ this energy in turning a wheel. 
The wheel, being connected with other wheels and 
grindstones, gives ftp the Kinetic Energy t^u$ derived, 
partly in producing separation, in opposition to cohe- 
sion, among the molecules of com, and partly in Ileal 
or friction. The heat is of course radiated off, and the 
rest of the Energy remains Potential in the flour. 

Hu also with a windmill. Here the Kinetic. Energv of 

• . In ‘ . 

wind, itself derived from solar rays, is transferred to 

the vans of the mill, and is finally used up in produc- 
ing separation in the corn, or in lieating the bearings 
and grindstones. In both eases we see, as usual, an 
intermediate employment of Energy foj; the purpose 
ol separating material particles, but a final loss of 
energy from matter to the ethereal medium. 

In all these cases we deal with phenomena essen- 
tially unconnected with organic life : for although the 
machines mentioned above are of human construction, 
yet, when once set in action, they can go on without 
human intervention until the loss sustained by fric- 
tion makes their working impossible. In the next 
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chapter We shall consider the' more involved case of 
liviiig organisms. • Before doing so, however, it will 
be well to sum up the conclusions at which W£ have 
arrived regarding the general dynamical 'phenomena 
of our planet. 

The earth is a proximately spherical mass of 
matter, held together by its own gravitation, and 
bulging slightly towards its equator, where its axial 
Energy produces the greatest effect. It revolves^ 
round the sun in virtue of its orbital motion, and it 
possesses Potential Energy by reason of its separate 
condition. This Potential Energy, however, cannot 
assume the’ Kipetic Mode, because the solar gra- 
vitation is opposed by the orbital Energy of the 
planet. Though the easth thus possesses two proper 
molar motions of its own — the axial and the orbital — 
its Molecular Energy has been radiated away into 
space from the surface at least, only the interior por- 
tiow being stjjl in a highly heated state. The inter- 
ference of cohesion imthis outer solid shell with the 
general gravitation whose Force comes into free play 
as the internal mass cools and contracts, gives rise 
to a state of tension, finally resulting in cracks and 
corrugations on the surface. If no external Energy 
intervened, the outer shell would present one uniform 
cold and probably solid surface, broken up into ice- 
elm! mountains and vallcvs. But a fraction of the 
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Energy radiated into space by the aggregating masses 

of the central sun falls on the outer shell and there 
» « 

interferes with the aggregative process by setting up 
temporary separative action Among the less coherent 
molecule, s. It keeps the atmosphere and the ocean in 
the gaseous-fuyd liquid forms respectively. It produces 
such an expansion of the equatorial air as gives rise 
to monsoons ; and elsewhere it heats the atmosphere 
e of deserts, valleys, «and low'-lving plains s<j-as to cause 
local winds and storms. It also lifts up great masses 
of water, which float in the air as clouds, and fiimlly 
fall as rain when their Energy is dissipated. It heats 
the equatorial oceans, and thus rendering them lighter 
sets up warm ocean currents, while gravitation, draw- 
ing down the colder masses* produces the compensat- 
ing cold streams. The separative nature of all these 
processes will be obvious when v$e reflect that every 
one of them depends upon such an absorption of 
radiant heat as overcomes the aggregative Force of 
cohesion. But these changes are never permanent. 
The Energy thus absorbed is soon radiated off to the 
cooler ether in those less energetic periods which we 
know as night and winter. Unless every day and 
every summer new Energy were poured upon the 
earth to set up similar separative actions, the effects 
of each Energy-absorbing period would soon pass 
away. The vapour and the water would part with 
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their heat, condense, and finally freeze : while the air 
woyld cool down* settle into stable equilibrium, and 
perhaps aggregate at last into tli&solid state. • More- 
over, the Energy whfch thus falls upon the earth 
acts indirectly as* a liberating agent to tlvose more 
solid masses which arp prevented *by .cohesion ‘from 
aggregating in the stablest possible manner with the 
general body of the planet. By wearing down moun- 
tain sidett ; %by water-action, percolation, glacier-grind* 
ing, and attrition of rolling bodies ; by blowing over 
stffnes, chimneys, and trees ; by wasting cliffs, head- 
lands, and river-banks ; by grinding down pebbles, 
shells and refuse ; and by depositing all the debris thus 
resulting in^new and lowpr strata of mud and sand — 
by all these ways and countless others, to which every 
gorge, ravine, denudation valley, and seaward cliff 
bears witness, the Energy poured down upon us from 
the sun acts as a liberating agency to reduce the in- 
equalities of # our planet’s surface, and bring every 
body ultimately into dloser and more intimate aggre- 
gation with the general mass. 

Thus we see that on the surface of our earth 
the universal process of aggregation continues in 
spite of partial interruptions. Incident Energy let 
loose from the aggregating sun produces local and 
temporary separations among its material particles ; 
but such separations do not interfere in the end with 
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‘the general aggregating process, which they rather 
indirectly assist.^ As elsewhere, we*find all the matter 
engaged in a contirfuoue cousse of aggregation, and 
all the Energy thus liberated continuously handed 
over to the ethereal medium. 
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CHAPTER V. 

OHO A NIC LIFE. 

The interferences caused by incident solar Energy in 
the* aggregative •processes of our earth which were 
considered in tTie hast chapter mostly consisted in 
separative actions opposed to the molecular Force 
of cohesion^ and, less directly, to the molar Force of 
gravitation. Those phenomena which we have to 
consider in the present chapter are the result of 
interferences by sol&r Energy opposed to the atomic 
Force of Chemical Affinity. 

It is not .here asserted that all the cases where 
solar Energy interferas with and opposes Chemical 
Affinity are concerned with vital phenomena. But 
vital phenomena form the principal instance of such 
interferences, and all the others may be omitted as 
illustrating no new principle and suggesting no new 
difficulty. 

Regarded in their naked dynamical aspect 
these phenomena may be briefly described as fol- 



124 


COXCRETE OR SYNTHETIC 


laws. The incident* solar Energy, — besides falling 
upon molecules in the. slightly aggregated cohesive 
states, which we krtbw as th& liquid and the gaseous, 
and overcoming their very moderate cohesion so as to 
produce, evaporation and ^expansion — also falls upon 
certain atolns aggregated together by the Fofee of 
Chemical Affinity, and sets up in them separative 
actions, which result in the severance of these atoms 
from their affinities, and the rebuilding, of some 
among them into those peculiar forms which may be 
described as Energetic Compounds (hydro-earhsns, 
&c.), while the remainder are ‘cast* in a free state 
upon the atmosphere. The radiant "Energy thus 
employed is used up for the time being in producing 
these separations, and is retained partly by the freed 
elements, and partly by the Energetic Compounds, 
either in the Potential Mode <$r in the Kinetic, or 
partly in one and partly in the other (for on this 
point we have as yet no certain knowledge). •The 
Energy thus absorbed by the Energetic Compounds 
apparently remains within them permanently, until 
some incident Energy, acting as a liberating agent, 
causes their atoms once more to unite with those 
other free atoms in the atmosphere for which they 
have affinities. When they reunite, all the Energy 
which was absorbed in producing their separation 
is liberated once more by the act of aggregation, 
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and is yielded up to the ether* as low-grade 

• • 

Energy. While the Energy is retailed by the freed 
element and the Energetic Cdmpchmd we may*either 
suppose that it is all Potential and consists merely in 
the statical separatft>n # of their atoms, — on which sup- 
position it will be exactly analogous to «the case of a 
rock, raised to a height and then supported so that 
it cannot fall without the intervention o£a liberating 
Energy : »r*we may suppose that it is partly Potential* 
and partly Kinetic, and consists not only in the sta- 
tical separation of the atoms, but also in a relative 
motion of the atoms in the Energetic Compound, — bn 
which supposition it would be analogous to the case 
where a collection of bodies like the solar system, 
having relative motions of* their own, possess Potential 
Energy with reference to some other external bod}’, 
like the stiir in Hercules, towards which the solar 
system is supposed to be moving. It is clear that on 
thelirst supposition the amount of Energy liberated 
by the reaggregation eft the atoms will be equivalent 
to the Potential Energy of their statical separation : 
but on the second supposition the amount liberated 
will be equivalent to that Potential Energy, plus the 
Kinetic Energy of the relative motions possessed by 
the several atoms— just as, if the sun were to aggre- 
gate with any fixed star after all his planets had 
already dissipated the Kinetic Energy of their several 
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orbital motions, ‘anil united witli liis mass, the Energy 
liberated by tho aggregation would be the equivalent 
of the htatipal separation previously existing between 
the sun and that star ; whereas, if the aggregation 
were to ‘take place to-dat, tlve amount of Energy 
liberated would be equivalent to the statical separa- 
tion of the two systems, plus the Energy liberated by 
the stoppage of orbital and axial motion in each of 
the planets and satellites. It is not impAltable that, 

in certain instances at least, we may be induced to 

• • 

accept the second of these two suppositions. • 

Translated into concrete language^ the above 
abstract propositions may thus be more simply ex- 
pressed. Solar Energy fulls upon a crust contain- 
ing the molecules of water/ carbonic anhydride, the 
various nitrates in a state of solution, and other raw 
materials of organic matter. It finds their atoms in 
a condition of relatively stable chemical combination 
— in other words, closely bound up with one another 
by the Force of Chemical Affinity. Being absorbed 
by some or all of these atoms, it sets them free from 
their stable unions, by producing motions which take 
them beyond the sphere of their mutual attractions. 
It leaves the oxygen of the carbonic anhydride in a 
free state, while it builds up the carbon with the 
hydrogen of water into certain Energetic Compounds, 
such as starches, A c. The Energy of these com- 
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pounds may be all Potential— that* is to say, may 
congist in tlie fadt of their statical separation from 
the attracting oxygen anc> tfifeir loose chemical 
apposition ; or it may life partly Kinetic as well — that 
is to say, may also»consist in the fact that the various 
atomS have relative /novements *lik§ *those of a 
planetary system. Furthermore, in the case of the 
Energetic nitrogenous compounds there. is reason to 
suppose tjng. a suppressed Energy is also involved., 
Once these Energetic Compounds have been built up, 
they remain permanently inert, retaining their Energy 
themselves in a dormant state — at least so far as 
human observation can detect — until some Liberating 
Energy brings them once jnore under the influence of 
Chemical Affinity. Thu.% a piece of wood or a lump 
of fat, once produced, remains inert, at least to out- 
ward appearance, so* long as it is kept at a low tem- 
perature and isolated from disintegrating agents; 
But «6o soon a| we apply a certain degree of heat to 
either, they burn away f or, in other words, unite once 
more with the oxygen from which they were pre- 
viously separated, and yield up as they aggregate 
all the Energy of their separation and their relative 
movement (if any) in the form of Light and 
Heat. Moreover, there are several ways in which 
such a liberating agency can be set in action. It may 
be by human aid, and the intervention of external 
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burning matters, as when we light a piece of wood or 
a candle by means of a match. Or it* may be by th<? in- 
tervenfcion of some Animal organism, as when a worm 
burrows into a piece of wood and uses up its Poten- 
tial Energy in the performance of his physiological 
functions, f>j; causing its atoms, to combine ‘with 
oxygen within his body : or as when a carnivorous 
animal devours the fat, and so employs it in his 
•physiological functions : of as when the animal which 
has deposited it, himself employs it for his own use, 
which case we see illustrated in thfc bear and other 
hibernating animals. Or, again, ft may be by the set of 
external liberating agents which produce whip we call 
decomposition : as when a pee decays slowly where it 
fell, under the influence of moisture and gentle heat : 
or when a dead animal decomposes in the sunlight : — 
though these latter cases are sure to be accompanied 
by the development of other organisms, which act as 
liberating agents, such as fungi, maggots, vibrios, 
and oilier like organisms. '■ But whatever may be 
the means bv which is brought about this recombina- 
tion ot the organic substances with the oxygen pre- 
viously liberated from their affinity by solar Energy, 
there are two points which can be laid down a's 
certain. Ft rst , that no such reaggregation of the 
separated atoms can take place without the interven- 
tion of a liberating agent, whether that liberating 
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agent be moisture, solar light and lieht, animal germs, 
fungus spores, or *human interference : as we clearly 
see in the fact that to preseiVe an organ ip substance 
we may either defecate it, or freeze it, or seclude it 
from light and h<?at^ or from animal and Vegetable 
germs, or secure fit from being devoured by some 
other organism, or from the interference of human 
beings, who might bum it or otherwise cause its re- 
aggregatiomwith oxygen : while on the contrary we* 
know that exposure to one or other of these liberating 
agfelits will bring about such reaggregation (or de- 
composition, as it is oftener though less accurately 
called) pj every kind of organic matter. Second, that 
on the whole; and in the vast majority of cases almost 
every piece of organic 11 wit ter aggregates at last with 
the oxygen or other free atoms from which its ele- 
ments were at first severed, and yields up its Energy 
to the ether in some more or less conspicuous manner. 
Thus, sooner or later, every plant, if left to itself, dies 
and decays : that is, recombines with oxygen slowly, 
under the influence of moisture, light, and heat, and 
yields up its Energy by inconspicuous degrees ; while 
every animal, if left to itself, similarly dies and decays, 
probably under the influence of other small animal 
germs, which use up its contained Energies in carry- 
ing on their own activities : and so, in both these 
cases, the atoips finally reaggregate in stable com- 


ic 



bination, while the Energy is yielded up, immediately 
perhaps to surrounding matter, but finally to, the 
etherefti medium. ‘So, ‘too, if the plant or animal 
is devoured by an animal organism, its atoms are 
made to combine with oxygen within the devouring 
organism, and their Energy is yielded up as heat and 
as movement, either of internal parts or of external 
limits, and is thus finally dissipated. And even if, as 
"in the case of peat, petroleum, and coal,. or of the 
Siberian mammoths, the Energetic Compounds are 
long secluded by their circumstanced from Liberating 
Energies, it may yet finally happen that human 
activity may intervene to liberate their Energies, as 
we see when we burn coal, petroleum*, or peat, or 
when we exhume mammoths, and so expose them 
to the decomposing (liberating) action of the sun and 
organic germs. So that organic life, when closely 
considered, proves dynamically to be a mere special 
case of the general laws : and we see that though it 
is in its nature separative, a& being the product of 
solar Energy absorbed for a time by particular 
mundane particles, it nevertheless results in a final 
reaggregation of atoms in stable combination, and 
dissipation of Energy to the ethereal medium. 

A word of explanation is necessary. It may be 
asked, why will not the organic compounds aggregate 
at once with the free oxygen, and why do they need 
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the liberating agency of heat or other IJnergy ? The 
answer is probably analogous t<j that which we gave 
in the case of cohesion .* Unless the atoms«are brought 
very close to one another they cannot apparently 
get within the range of their mutual ^linlties^ and 
mere mechanical juxtaposition is insufficient for this 
purpose without such atomic vibration as will bring 
them into close quarters with one another. But 
the more’c&nplex animal compounds, as we shall see* 
hereafter, seem to possess high Kinetic Energy of 
their own, wliic^i cap only be kept up in tlie circum- 
stances of the body : and it is probable that they 
spontaneously decompose (or split up into simpler and 
less Energetic compounds y with a liberation of Energy 
on any direct contact wifh external agencies . 1 

In the present i^ork no attempt will be made to 
account for the origin and development of living 
organisms. That task has been satisfactorily per-’ 
formed in jJbrtions by Darwin, Haeckel, Miiller, 
Huxley, Wallace, Hooker, and others, while a more 
comprehensive and systematic view of the whole 
process has been given by Mr. Herbert Spencer 
(whose name I can never pass by without the expres- 
sion of my deepest intellectual gratitude and venera- 
tion). Their results can easily be translated into 
terms of the theory advocated in this work : and they 

1 About this^ioint the author is now extremely doubtful. 
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have not sufficiently direct dynamical bearings to 
.concern us greatfy in^our present inquiry . 1 It mlist 

I * . * •» 

suffice here* to recognise the fact that life owes its 
origin to the chemieally-se^arative action of ethereal 
undulations on tlve cooled surface of the earth, espe- 
cially carbonic anhydride and waiter, and that the 
existing diversity of organic forms is due to the 
minute interaction of dynajnical laws. 

It will, however, be desirable to point Silt that life 

is essentially separative in its nature, because the 

; . *.* 

identity of Energy with separati/m 1$ the main point 
insisted upon in the present treatise, aqd life is the 
Mode of Energy with which human livings are most 
familiar, and from which they form their conception 
of all its other modes. 

Life, then, is shown to be essentially separative, 
first, because it is a product of solar Energy, acting 
upon the superficial matter of the earth. This Energy 
is the locomotive form of the statical sdjiaration once 
existing between the particles of the sun’s mass. When 
it falls upon the earth, being then in the ethereal 
form, we know that it is partly absorbed by various 
loosely aggregated superficial material molecules, in 

1 It must bo understood that no disrespect towards such inquiries 
is intended in the present passage. On the contrary, there can be no 
doubt that, bearing as they do on all our acts and theories as living 
beings, these questions are of paramount practical importance. But 
they are not necessary to the present subject, antj they have already 
been treated sufficiently by proper and competent authorities. 
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which it- sets up separations ‘that overcome the mole- 
cular Force of "cohesion, and so produces winds, 
storms, ocean current*, clouds, "Ac. Now it similarly 
falls upon certain oilier molecules, among whose 
atoms it sets up separations that overcome the atomic 
.Force of Chemical Affinity, and sd pjoTluces starch, 
albuminoids, free oxygen, and other like chemically 
Energetic bodies. The separative nature of this 
process is obvious. Without Mie disjunctive sol<-y 
Energy there could be no life, j ust as there could be 
1*0 wind, ocean currents, rain, or clouds. All the 
stable chemical compounds would remain for ever in 
the aggregated state, unless the solar Energy came 
in to separate them. Again, life is seen to be 
’essentially separative by its mechanical position and 
effects. Trees, plants, and animals stand out for the 
most part at a visifile elevation from the mass of the 
earth’s solid crust, and when they die, large portion# 
of «them fallylown and are rcaggregated with its sub- 
stance. The heat which sets up evaporation in leaves 
causes a capillary circulation in the vessels and cells 
of the plant, whereby water, holding in solution 
nitrogenous salts and mineral matters generally, is 
raised to every part of its surface ; and then a large 
portion of this water is evaporated, while the mineral 
matters remain in the leaves and fibres. In all 
this we obviously see separative action opposed to 
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gravitation, as above we saw it opposed to bliemical 
affinity. Still more clear is this point of view 
m animals, which fclimfe trees, plants, rocks, and 
mountains ; which fly to gre^t heights in the air ; 
and some*of which carry about great masses of bone, 
while others lift stone and bri<;k to* conspicuous’ele~ 
vation as houses, towers, and steeples. No one of 
these separative acts could have been performed 
without the intervention of solar Energy* . But it 
is especially in its reconversion that organic matter 
shows its separative nature. As its ‘atoms reaggre- 
gate, they give out heat, wliicft obviously causes 
molecular separation in the surrounding bodies. The 
animal organism is perpetually in such a ligated condi- 
tion, and is perpetually parting with heat which goes 
off to swell the volume of ethereal Energy. So 
that in every way life reveals itseff as an effect of the 
separative action exerted by ethereal Energy on the 
superficial material particles of our plangt. 

Succeeding chapters will dekl with the phenomena 
of vegetal and animal life severally, as enforcing and 
illustrating these principles. For the present we 
may content ourselves with a brief summary of the 
results already attained. 

Organic life is one of the effects wrought by 
incident solar Energy on the surface of the earth. 
It originates mainly in separative actions, whereby 
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atoms are severed from relatively stable chemical 
combinations, and* are either turned a loose upon the 
atmosphere in a free state, of are'built up into Ener- 
getic Compounds. But* through the action of libera- 
ting agents, also of solar ofigin, these free atoms and 
Energetic Compounds for the most part sooner or 
later recombine ; whereupon the absorbed Energy is 
once more liberated and turned loose uppn the ether. 
Organic lifeais thus a transitory re£Ult of the general* 
aggregating process during which the Energy libe- 
rated by the aggregation of particles in one mass 
falls upon the aggregated surface of another mass, 
and therpsets up separative actions, which, however, 
are most often only temporary in their effects, owing 
to the subsequent incidence of Liberating Energies, 
whereby the absorbed Energy is once more turned 
loose upon the ether. 
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CHAPTER. tl.« 

THE VEGETAL ORGANISM. 

.Although in the 'last chapter, where w» treated of 
life generally as a product of incident solar Energy, 
we made little distinction between the two liftrin 

o 

forms of life, it must yet be understood that the rela- 
tion which, as wholes, they bear to the,, incident Energy 
is exactly contrary. Vegetal organises, as a rule, 
are accumulators of Energy* and notexpenders : ani- 
mal organisms, as a rule, are expenders of Energy and 
not accumulators. In other words, the vegetal organ- 
ism is a case where incident Kinetic Energy is setting 
up separative actions between aggregated atwms, 
and is being absorbed (or pottAitialised) in the separa- 
tion so produced : while the animal organism is a case 
in which the atoms so separated are being reaggre- 
gated, and their Energies, Potential or Suppressed, 
are assuming the Kinetic Mode, either as heat or as 
visible motion. The energy absorbed and potential- 
ised by the plant, is kineticised and given off by the 
animal. 
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These statements must ohly be Accepted as true* 
in the gross, and Vith certain deductions duly noted 
hereafter. 

The plant is the origin of all the Energy possessed 
by all living beings. Tfie separation between the atoms 
»f water, carbonie anhydride, and nitrogenous Salts, 
which takes place in its tissues under the influence 
of sunlight, is the Potential Energy which becomes 
Kinetic in .the growing seed, the* expanding flower, 
and the leaping or flying animal. We may there- 
fore briefly trace the life-history of a plant, as throw- 
ing some light upon the dynamical nature of life 
generally'. 

Every pjant starts as a spore or seed, cast off 
from a previously existing plant. This first -germ 
contains some small materials for growth for the 
young plant in thS form of Energetic Compounds, 
whose Potential Energy is to become Kinetic in thq 
actfof germination. In order, however, to produce this 
effect, liberating agenlfs are needed ; and these libera- 
ting agents are generally three in number, moisture, 
heat, and light. These, acting upon the materials in 
the seed, either cause them to aggregate with other 
matters, or overcome the suppressing Force ; and in 
consequence the materials yield up their Potential or 
Suppressed Energies in that determinate form im- 
posed by the specific conditions and known as ger- 
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urination. The amount of Energetic materials supplied 
to the new pfant (or the fresh year’s growth) may be 
\ery great, as in the potato tuber, the lily bulb, and 
the wheat grain, or it may be*very little, as in fungi, 
ferns, and cryptogams generally : but in every case, 
if the' plant is tp continue living, there must be enough 
Energy to permit of its assuming the shape in which 
it can begin to be acted upon by the sunlight, and to 
assimilate fresh mStter under the influence, of that 
incident Energy. This stage is reached when leaves 
are produced. On the surface of these leaves die 
solar Energy produces evaporation, and this evapora- 
tion gives rise to a general capillary action, ^hereby 
water is raised into the leaves. 

In these leaves the sunlight, acting upon carbonic 
anhydride sucked in from the atmosphere, frees the 
carbon atoms from their union wfth the oxygen, and 
guilds them up with the hydrogen into hydrocarbons 
— Energetic compounds : while the oxygen is turned 
out upon the atmosphere in a fjfee state. Nitrogenous 
salts in solution have also been supplied by the water, 
and from these and the starch, the plant in some un- 
known way builds up the protoplasm which forms the 
moving portion of all living organisms. The starch, 
sugar, albuminoids, and other organic compounds 
thus produced are then circulated all over the plant, 
where they supply the materials for # growth, and 
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develop new leaves, winch *in tusn increase the 

amount of Energefic matter in the plan?. Part of 

• * 

the Energy thus absorbed i» used up by tlig plant* 
itself in its own physiological processes, tflie growth 
of each cell doubtless* involves the expenditure of 
Energy — that is to# say, .some Energ^ previously Con- 
tained by the protoplasm assumes thereupon the 
Kinetic Mode, and is in part yielded up to the ether. 
In the larger physiological processes, such as germina- 
tion or inflorescence, it is certain that such dissipation 
of "Energy takes place, in the first place because free 
oxygen is absorbed and carbonic anhydride is evolved, 

which shows* that some of the contained carbon has 

• • 

reaggregated, with the oxygen ; and in the second 
place because a rise of temperature can be shown to 
accompany these processes. Accordingly we may 
conclude that the motions which take place in plants 
are due to the reaggregation of certain Energetic 
particles witli^tlie free atoms of their neighbourhood, 
and that while some of tie Energy thereupon liberated 
has assumed the form of Molar Motion, part of it has 
been dissipated as heat. But a large portion of the 
Energy remains dormant in the plant, either in the 
molar or the atomic species. The leaves and stem as 
wholes, viewed mechanically, represent the former: the 
starch, protoplasm, and wood, viewed chemically, re- 
present the latter. When the plant dies or is devoured, 
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on tlie average of instances the greater part of this 

Energy is rendered Kinetic, and ultimately yielded up 

* 

to «tk(\ ether. Take first the case of a tree which 
dies a natural death. At the end of each year its 
leaves fjp.ll. Before they 'do so, they render up their 
most important* chemically ^Enesgetic products io 
the permanent portions of the complex organism ; but 
inasmuch as they will burn, they retain a certain 
amount of atomic Energ^ in their cellulose ; and in- 
asmuch as they are elevated above the general level, 
they possess Molar Potential Energy in their position. 
When the leaves drop off by the weakening of cohesiou 
at their bases (along a pre-arranged line) their Molar 
Potential Energy becomes Kinetic in the act of fall- 
ing, and is dissipated as thgy reach the ground. Tlie 
dead leaves, lying on the earth, now consist mainly 
of inorganic earthy matter ftnd cellulose. The 
action of moisture, heat, and light, as liberating 
agents, soon sets up decomposition : aijd the mineral 
matter lies in situ, while the Organic substances com- 
bine with the surrounding oxygen. When the whole 
tree dies the same process is repeated on a larger 
scale. The actions of moisture, heat, and light, com- 
bined with those of fungi, worms, &c., are liberating 
agencies which cause the trunk to decay and fall, and 
afterwards produce more or less complete decomposi - 
tion of the whole tree as it lies. In a few cases, 
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which will be treated of hereafter* the stored-up 

Energies are long retained in coal, p§at, and vegetal 

debris : but on the avefage of instances, aljnostffafftlie' 

Energy absorbed during one- year has been yielded up 

by the next. Wlieji the plant is devoured by an 
• • • • 
aftimal or burnt 15y man, it undergoes a somewhat 

different yet ultimately identical cycle of changes, 

which will be more fully detailed in our n£Xt chapter : 

for the present it will suffice to say* that its Energetic 

Compounds combine with free oxygen within the 

aipmal organism, or the fireplace, and that their 

Energy is used up in the production of motion and 

heat, and is thus, as usual, finally transferred to the 

ethereal medium. 

The special case of Reproduction requires a few 
additional remarks. Where this function is carried 
on by inflorescence, we have a series of leaves pro- 
duced which are expenders of Energy, instead of* 
beiifg accumulators, growing and unfolding by the 
employment of Energy stored up in other parts of 
the plant. Most especially is this the case with the 
pollen, ovule, and seed. In the protrusion of the 
pollen-tubes and the growth of the embryo, we see 
conspicuous instances of the employment and dissipa- 
tion of previously stored Energy. In the developed 
seed we sometimes find a store of albumen ; and in 
any case w r e have in the embryo itself a nitrogenous 
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mass which is 'able, under the influence of moisture 
and heat (liberating agents), to aggregate in part 
^widTToKygen and prbdudte germination. Somewhat 
similar in their dynamical nature are those morpho- 
logically unlike propagating portions which lay up 

t (• t m 

nutriment for* the future growth of the individual <Tr 
its offspring. Such are the roots and tubers of 
potatoes and, beets, the tubers of the orchis and dahlia, 
• the corms of the ‘saffron, and the bulbs w -bulbils of 
the onion and the tiger-lily. In every case, motion 
in plants is caused by the aggregation of free oxygen 
with the Energetic Compounds of the plant, and by 
the employment of the Energy thus liberated for the 
production of Molar motion. 

It will thus be seen that «ven those plants which 
are on the whole accumulators and storers of 
Energy are themselves to some extent likewise 
.sxpenders of Energy : and that the broad distinction 
which we have drawn between the vestal and ‘the 
animal organisms, viewed dynamically, must not be 
pressed too close. In growth, in inflorescence, and 
iu germination, the plant is essentially an animal. 
It is only in assimilation that it displays the charac- 
teristic vegetal function of transferring Energy from 
ether to material particles mainly by the production 
of hydrocarbons, plus free oxygen, from carbonic 
anhydride and water. We may thus s ? y roughly, in 
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reference' to our present standpoint,, that the as- 
similating leaf, frond, or tliallus, is the only true 
plant. Nor is this *all. ‘Marty organisms, •CRBSsefI 
morphologically as pl&nts^ are in their dynamical 
aspect the analogues of animals : that is to say, their 

• • r • P • # 

functions are wholly expensive of Energy and not at 
all accumulative . 1 The leafless parasites (orobanche, 
cytinus.&c.) fasten upon some other plant, and 
without themselves contributing t£> the general stora 
of Energy, employ the Energetic Compounds laid up 
by ’their host, in the production of their own flowers 
and seeds. A much larger and more important class 
is that pf fungi, which live upon the roots, stems, 
seeds, or tubers of other jdants, upon the bodies or 
the dung of animals, or* upon the generally diffused 
undecomposed organic matter of the soil. But 
whencesoever they derive their materials, they always 
thrive upon previously-composed Energetic Com-, 
pouhds, whose Energy they liber-ate with almost 
explosive power. They are like animals in never 
accumulating Energy, while expending that which has 
been previously accumulated by other plants. It 
is noticeable that all these quasi-animal functions can 
be carried on in the absence of light, that is, of high- 


1 Allusion is not here made to insectivorous species, like Dionsea, 
Nepenthes, and Drosera; but to plants which derive their whole 
material from previously organised matter. 
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power radiant Energy.* Thus, a seed will germinate, 
a hyacinth will grow from its loulb and produce 
'blcSSfti'Iijj a potato trill Sproufr from its tuber, a flower 
will open, and a fungus w^ill j5ass its whole life, under 
proper oonditions of heat and moisture combined with 
the ‘presence, of loxygen, in a perfectly dark cellai*: 
because the Energetic compounds, and the free oxygen 
whose aggregation liberates their Energy, are all 
c, stored up in the plant or its environment Jbeforeliand. 
But no assimilation, no separation of atoms from their 
stable unions, can take place except under the tHs- 
junctive influence of radiant Energy. 

So, in spite of these numerous except ion^ — these 
quasi -animal functions of ajl plants, and these large 
groups of plants with nones but quasi-animal func- 
tions — the distinction which we have marked between 
plants and animals is yet of cardinal importance, and 
for this reason. Though some plants are quasi-animal, 
no animal is quasi-vegetal. 1 All the Energetic Ohm- 
pounds which enter into the composition of any living 
organism are derived, directly or indirectly, from 
plants. In the leaf or thallus or body of some plant 
or protophyte all the organised materials have taken 
their rise, under the separative influence of radiant 
Energy^ 

_ 1 Excaption may be made of a fow doubtful chlorophyll-containing 
animals* 
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To sum up, the conclusions at •which we have 
arrived are these. Solar Energy, playing upon cer- 
tain superficial material particles of ojj^fPRHfetf 
separates their atoms into I^iergetic Compounds and 
free elements. The massed immediately built up of 
these* Energetic Compounds, together .with certain 
inorganic (or stably-compounded) substances, are 
known as plants. They go on continuously assisting 
(by means qf their chloropfiyll) in the similar separa- 
tion of other atoms by solar Energy, some of which 
(hydrocarbons) swell their mass, while others (oxygen) 
are turned loose*upon the atmosphere. The Energy 
thus stored in tl^e matter of the plants and the free 
elements abq*it them, does not remain perpetually 
connected with the same particles. Partly it is used 
up in the physiological operations of the plant : 
partly it is stored away in seed, tubers, &c., for future 
physiological operations : partly it is dissipated at 
the death of t^e plant. In a vast number of instances 
the plant is eaten by an* animal, and in that case the 
reaggregatiou of elements and dissipation of Energy 
takes place within the animal’s body. So that, in the 
majority of instances, the Energy radiated from the 
sun into the ether, and temporarily employed on the 
surface of our planet in the production of vegetal life, 
is sooner or later cast once more upon the ether, to 
make its way for ever through the interstellar spaces. 
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Only a small poftion remains here, dormant in wood, 
f © 

coal, and peat ; t and even that small portion, as «we 
&iJfTffi€frt*fter see, is fitfally used up by animals (in- 
cluding man) for some purpose connected with their 
vital necessities. 
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CHAPTER YII. 

TIIE ANIMAL ORGANISM. 

In tlie last chapter we saw roughly what were the 
cjjftramieal relations of those organisms which act 

mainly as accumulators of Energy. In the present 

* 

one we .mu st make a similar investigation regarding 
the dynamical relations c*f those organisms which act 
mainly as expenders or tlissipators of Energy. 

Amongst these ^ as already noticed, are many 
themselves of vegetal origin ; and it may simplify 
matters if we first look briefly at their nature, after 4 
wafds noting the principal points of distinction be- 
tween them and the animal organism proper. 

A fungus grows upon a decaying tree. It has its 
origin in a spore ; and this spore, alighting in the 
neighbourhood of previously-accumulated Energetic 
Compounds, has its own Energies liberated by heat 
and moisture; and thereupon becomes in turn a 
liberator of the Energies in the organised matter 
around it. Xfiese it gathers into its mass, and gra- 
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dually dissipjtfes, with the exception of that portion 
which it bequeaths tp its spores, thereby once more 
beginning ^similar cycle of changes. Wherever the 
fungus seats itself, — whether ©n the root or stem of 

« c 

a pljmt ; or pn a # seed, tuber, ou other receptacle of 
Energetic Compounds destined* for future growth ; or 
on an animal body ; or on a patch of soil containing 
dispersed undecomposed grganic matter; — it adds 
nothing to the total of Energy, being merely a dis- 
sipator of the Energy already accumulated. 

Now, the animal organism t is a mechanism m 
which these same processes take place, but take place 
much more rapidly and conspicuously, 'and ar«» accom- 
panied by certain secondary plienomeha. As the 
highest, organisms show all tl'e processes of the lower, 
and also some others peculiar to f themselves, it may 
bn convenient to take an example from the upper 
ranks of animal life to illustrate the specialities of the 
case. 

A young vertebrate begins its existence as a small 
mass of Energetic Compounds presenting elementary 
organisation, surrounded by another mass (more or 
less) of comparatively unorganised Energetic material. 
As in the ease of the plant, the material may differ in 
amount, but must be sufficient, under the liberating 
agency of heat, to carry on the process of organisation 
to such a point that the young organiom can obtain 
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the necessary further material for itself. In the case? 
of* a bird, this material is supplied by the. food-yolk ; 
in that of a mammal i^ is supplemented 
derived from the maternal circulating system. But in 
every case, the young plant and the youug animal 
are alike in this, that ^eacli begins "its^lffe as aif ex- 
pender of pr e vio u sly-accun\ulat ed Energy. It is 
needless to add that the. presence of free oxygen, 
which combines with tile foodstuffs to produc^ 
carbonic anhydride, and so yields up its Energy 
fyii the act of organisation, is in both cases indispen- 

c 

sable. So s<fon, Ifowever, as the self-sustaining de- 
gree of organisation has been reached, a wide diffe- 
rence begins ^to manifest itself. The plant spreads its 
'leaves to the sun and tljp air, and drinks in carbonic 
anhydride and water, from which the ethereal Energy 
separates part of their oxygen, and manufactures 
starch and other organic compounds. The animal^ 
on the contrary, devours the compounds thus formed, 
and drinking in the Ace oxygen, causes them to re- 
aggregate within his body, using up the Energy so 
liberated, partly for the production of heat, partly for 
physiological processes, and partly for locomotion. 
What may be the exact nature of these conversions 
we do not fully know ; and even if we did, they could 
only be detailed in a complete work on Physiology : 
but it is sufficient for our purpose to point out that 



CONCRETE OR' SYNTHETIC 


Energetic carbonaceous tond nitrogenous matters pass 
into the body*by one channel, and free oxygen by am- 
o t lm ' j «^r^liey leave £he*body«as carbonic anhydride, 
ammonia, water, and other ile-ehergised products ; and 
that heat .and motion have been given out meanwhile. 
The Minimal organism is thus .essentially a seat* fo» 
the reaggregation of matter and the dissipation of 
Energy. It is, however, probable that part of the 
Energy thus liberated is ndt immediately ^dissipated, 
but is used up for the time being in the so-called syn- 
thetic processes of the body. What these really are, 
we do not thoroughly understand* buf it seems likely 
that t hey may be combinat ions of many ‘atoms, pos- 
sessing high relative Kinetic Energy, upt*n whose de- 
composition the Kinetic Energy is liberated . 1 Thus, a * 
manifestation of Energy accompanies the conversion 
of sugar into lactic acid, or into afcoliol and carbonic; 
anhydride, although no new oxygen is united during 
the process. At any rate, waiving all speculation* it 
is certain that these bodies, Unlike ordinary com- 
pounds, possess Energy in their composite form, 
which is dissipated when they separate into simpler 
bodies. 

While the animal lives, he is perpetually taking 
into his organism Energetic Compounds stored up in 
plants, or temporarily deposited in the tissues of other 
1 This the author now greatly doubts. 
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animals, and using up "tlieif Energies for his own 
activities. In some cases the matters tlius absorbed 
are immediately employed for ph^&iologic^pUJGfcsSWF: 
but in other cases tliey*are ^stored up, like the starch 
and albumen of Seeds or tubers, for future* use. A 
bear living through the winter' on his own fat, or a 
camel consuming his humps during a journey, is the 
exact analogue of the sprouting wheaj; and of the 
potato or hyacinth grown in a cellar. When th» 
animal dies, heat and other animal germs act as 
liberators for his stored-up tissue Energies ; and de- 
composition rapidly sets in, resulting in the final 
formation of stable compounds. Thus the matter 
which during the animal’s life possessed Energy of 
chemical separation in* its atomic composition, — 
Energy of molar separation in its erect position and 
frequent elevation in the air or on mountain tops, — 
Energy of molecular motion in its heat, — and Energy 
of rtiolar mo^on in its locomotive processes, — becomes 
at last a number of c?iemieally stable masses, partly 
aggregated with the earth’s surface, and partly float- 
ing as carbonic anhydride, incapable of resuming 
its separate and self-moving condition except by the 
intervention of fresh solar Energy through the agency 
of vegetal life. 

Viewed from a wide standpoint, we may say that 
animals act as liberating agents for the Energies 
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stored up in plants. They are therefore links in that 
general chain of ^processes whereby ‘separate portions 
(fP^naflpT^e made 1o aggregate in the stablest union, 
and their previously-existing Reparation is imparted 
to the ether. 
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CHAPTER VIII. 

f> BN KRAI. VIEW OF MUNDANE ENERGIES. 

W E have now completed our brief survey of the cos- 
mfcal facts known to us at present, and examined their 
eongruity with* our general theory of two opposing 
Powers^ aggregative and separative. But before we 
close the subject it may be well to look briefly at the 
fact s of mundane Energy«in their entirety, with especial 
reference to the part played by man. 

By the term ‘ C'osmical Energies of the Earth ’ we 
may understand all that Energy which our planet 
posSesses in yirtue of its statical separation from the 
sun and the other siclereal bodies. By the term 
‘ Proper Energies of the Earth ’ we may designate all 
that Energy which the material particles composing 
the earth’s substance now possess or formerly pos- 
sessed in virtue of their own original separation from 
one another, as masses, molecules, or atoms. Finally, 
by the term ‘ Derived Energies of the Earth,’ we may 
understand al[ that Energy which our planet lias ab- 
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feorbeil from tlxe Mediated Energy of other aggregating 
masses elsewliere : and as the amounf of such absorbed 
E»trgy^d«^rv T ed fronf*ttie <• fixed* stars or reflected from 
the moon and planets is, practically without conspi- 
cuous effects on the earth’s surface,' *we may consider 
this term as equivalent to directly incident solar 
Energy, 

The Cosmical Energies need not long detain us. 
J)oubtless, as the eSrth loses orbital Energy by ethe- 
real friction, it is slowly approaching the sun, while 
the sun in turn is approaching its own central print 
of attraction; but these remote 'possibilities possess 
for man only a speculative interest, and*havg no in- 
fluence on practical mechanical activities. 

The Proper Energies of the Earth are more inte- 
resting to humanity. (1) First, come the facts of 
the planet’s orbital Energy and nutation, which in- 
directly yield the phenomena of winter and summer. 
(2) Next comes its axial motion (the indirect caus'fe of 
day and night), 1 of whose dissipation the tides are a 
concomitant. (3) More purely terrestrial are the 
phenomena of earthquakes, volcanoes, &o., which are 
Kinetic transformations of the statical separation 
existing between the superficial and central masses. 

1 Indirect, because the real cause is the incident sunlight. Were 
there no sun, the axial energy might still continue, but not, of course, 
the daylight. 
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(4) Derived from the last-named Energy is the Po- 
tential Energy of biountains and other masses raised 
by lateral pressure above the ♦genital level^jf the sc4id 
and liquid surface. In both these cases, — that of the 
whole cohering crnst, a*nd that of special raised masses 
— sirfall portions of tfiej’otential Energy become ftora 
time to time Kinetic under the influence of liberating 
agencies ; in the first case, we know the^ result as an 
earthquake^ in the second as a landslip. (5) Next, 
may be mentioned the internal heat of the earth, 
small portions of which are always escaping by con- 
duction througl? the "cohering crust. (6) Lastly, we 
may mentiod the Potential Energy of chemical sepa- 
ration in frea^jlements, like sulphur &c., within the 
earth’s crust, if these ought not to be regarded as of 
organic origin, and consequently included in the list 
of* Derived Energies. All these Proper Energies 
are the surviving forms of the separation once exist-, 
ing between ^ie various portions of our earth. (But 
in the case of the cohering crust, the mountains, and 
the free elements, the Energies remain as statical se- 
parations to our own time. In the case of the orbital 
and axial Energies, the separation has assumed the 
form of continuous molar motions. In' the case of 
the internal heat, it has assumed that of continuous 
molecular motion.) And in every earthquake, land- 
slip, falling cliJT, or tumbling stone, we see these Po- 
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tenlial Energies Assuming tlie Kinetic Mode under our 
very eyes. * Nor is it necessary *to show in detail 
Immv tljte earth is gradually parting with all these 
Proper Energies. The .orbital and axial motions 
are being dissipated by ethereal friction or by the 
mocfti’s attractioil. The internal heat is being dissi- 
pated by conduction. The Potential Energy of the 
crust is being given up from time to time by’ earth- 
quakes, or, after assuming fhe form of heat in volcanic 
eruptions, is being radiated off into ether. And the 

mountains, cliffs, and other elevated portions locally 

♦> 

raised for awhile (to outward appearance) by these 
widespread disturbances, above the general level, are 
being for ever worn down by rain, Vtorms, roots, 
animal footsteps, and other Results of those Derived 
Energies which we have next to examine. So that 
the remaining Proper Energies oV the earth (most of 
piem having been long since dissipated, after the 
partial aggregation of its matter, during the cording 
of its crust) are still being cast loose, in one form or 
another, upon the Energy-absorbing ether ; while a 
corresponding aggregation of its matter is for ever 
taking place. 

But the great mass of those Mundane Energies in 
which man is directly interested belong to the class 
of Derived Energies. And these, as we have al- 
ready seen, may be considered as practically equiva- 
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lent to the direcily-ineident sdlar energy and its deri- 
vatives. They are difficult to classify owing to their 
rapid changes, but the following division nu^ cast soffit 
light on their nature.^ Solar Energies are either 
Direct, as light anti radiant heat, or Absorbed, as in 
clouds, organisms, &c. « The latter or Absorbed class 
may be again divided into those of Inorganic Origin, 
and those of Organic Origin. Each of these will de- 
mand separate treatment. 

Direct Solar Energy is the radiant Energy which 
flfoin moment to moment is cast upon our planet from 
the sun. If the surface of the earth were composed 
of a perfectly ^fleeting non-absorbing substance, all 
this Energy Would immediately be reflected back into 
space. As it is, a smalbportion is so reflected, but 
the greater part fy absorbed by various superficial 
bodies in the production of motion and separation 
between their parts. 

Absorbed! Solar Energy, employed for Inorganic 
purposes, gives rise to the following among other 
phenomena. (1 ) The Energetic gaseous condition of 
the atmosphere. (2) The Energetic liquid condition 
of water in temperate climates. (3) The melting of 
ice. (4) The act of evaporation and raising of vapour. 
(f>) The production of winds and storms. (6) The 
production of ocean currents. Some of these Ener- 
gies are Kinetic, as in the case of the gases, liquids, 
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&c. : but in otlfer insfances the Energy is rendered 

* • 

Potential for awhile^ as in the case of the floating 
<flbud,«the^ead of Abater* and the ice or snow upon the 
mountain tops. And, finally /these Potential Energies 
are constantly becoming once mor§ Kinetic, as wlieu 
the*rain falls, .the river flows, and the glacier or ava- 
lanche slides down the valley. Each such Kinetic 
Energy is of, course in the act of being dissipated, by 
cfrietion or otherwise, to the ethereal medium. And 
as before noticed, these Inorganic Absorbed Energies 
become liberating agents for the proper Potential 
Energy of the Earth, when rain or rivers wear down 
rocks and mountains ; when glaciers or avalanches 
grind their bed and tear, away tlm stones ; when 
storms beat the waves against the cliff; and when 
winds upset rocky masses. Moreover, they also act 
as liberating agents for Potential Energy of Organic 
.Origin, when lightning, rain, or wind wears down and 
overthrows trees or buildings,^ when storms siuk'iron 
ships, and when avalanches overwhelm villages. 

Still more difficult to trace, because of their 
numerous involutions, are the vicissitudes of that 
Energy which assumes the Organic form. Yet we 
must endeavour to give some account of its main 
phases. The Energy which falls on the growing 
plant lays up Energetic Compounds in the plant’s sub- 
stance and raises it to a position of .visible height. 
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Part o£ tlie Potential Energy thus obtained, the plant 
us'es up in its own processes : part remains for awhile 
inherent in its tissues.* But* for fhe most jjart^ sooner 
or later it is either devoured by an animal, or else 
dies. In the first base, the animal digests it, ‘and uses 
up it's Energy in it§ own processes as haat and motion. 
In the second case, fungi grow upon it, worms de- 
vour it, water disintegrates it, and in. one way or 
another it fields up its Energy at lSst to ether. Be-* 
sides the Energy thus stored up in existing organisms, 
th( f re is some Energy belonging to extinct organisms 
yet remaining on our earth. The small amount which 
is store<J up m yrood, meat, Siberian mammoths, desic- 
cated diatoms, and other Jike forms, may be neglected 
on account of its insignificant quantity. But there 
arc considerable stores of Energetic material, known 
as coal, peat, rock-oil, &c., which deserve a passing 
mention. These are so situated that without a 
liberating agfnt they could not be dissipated. Such 
a liberating agent they find in man, who is so 
rapidly using them up that he is now beginning to 
look forward to a future when all such stores will be 
exhausted, and when he will have to depend for his 
stock of Energy on the immediate daily supplies from 
the sun. As to the animal organisms, they are 
themselves entirely expenders of Energy, and their 
whole life consists in a reaggregation of matter and 
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consequent dissipation of Energy. In one Way, how- 
ever, such organisms leave portions of their Energy 
far awhile in a Potential form, namely by building. 
Every house, wall, church, &&., is a mass raised to a 
height by means of Energy : and* it may retain its 

C A | 

Energy, in the absence of a liberating agent, for a 
considerable time. But in the end, Solar Energy, 
in some one qr other of its transformations, will act as 
a liberating agent to reduce these irregularities and 
wear down their masses. Either by rain, wind, fire, 
roots of trees, lightning, or the hand of man, every 
building sooner or later totters to the’ ground. And 
if it escapes all these, the earth’s own Proper ^Energy 
may prove its overthrow , c by tides, ' earthquakes, 
subsidences, or volcanic eruptions. So that, as 
in every other case, we see the matter ultimately 
aggregating and the Energy liancled over to the all- 
ebsorbing ether. 

Thus the earth is for ever parting wil*Ji its Eae'fgy 
in every shape. It is slowly aggregating with the 
sun and the fixed stars. It is losing its orbital and 
axial motions. By internal cooling, by subsidences, 
earthquakes, and volcanic eruptions, by radiation 
from lava and hot springs, it is getting rid of the 
proper separation and motion inherent in its own 
mass. Solar Energy falling upon it prevents and 
counteracts for awhile its total aggregation, — liquefies 
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Jhe ocean, keeqps the atmosphere gaseous, creates 
winds and currents, jnles ice #n meuntain-tops, stores 
up Energetic Compoiyids in vegetal and animal orga- 
nisms, lays by coal and peat, builds castles and cathe- 
drgls, smelts irop^and separates chemical bodies in 
phials and jars. l3ut this very same Solar Energy 
acts as a liberating agent in the long run not only for 
its own Potentially-Energetic products, ‘but also for the 
proper Potential Energy of the earth. It wears down 
cliffs, mountains, and table-lands, it melts the ice and 
snow on the nyountains, it sets the animal to devour the 
plant ; it drives man to dig and bum the coal and 
petroleum ; it overthrows the, buildings he has piled ; 
it rusts his iron implements ; it corrodes his chemical 
reagents. In one way or another, all the Energy of 
•the earth’s own primitive separation, and all the inter 
cepted Energy of the sun’s primitive separation, go 
together to swell the Energy of the ether, the grdat 
waste-heaj^of the Universe. 

The author is not disinclined to consider the 
ether as composed primordially of the most tenuous 
ponderable matter on the outside of all aggregating 
systems, to which therefore their Energy has been 
transferred, so as at last practically to neutralise the 
inherent Forces. 
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into English Prose. Crown 8vo. gs. 

Conybeare & Hobson.*— The 

Life and Epistles of St. Paul . 
By the Rev^W*. j. Conyueare, M.A. 
and the Very Rev. J. S. Howson, D.D. 
Library Edition, with Maps, Plates, a#d 
Woodcuts. 2 vols. square crown 8vo. 
21 s. • j 

Student’s Edition, revised and condensed, 1 
with 46 Illustrations and Mau>. 1 vol. 
crown 8vo. 7 s. 6 d. 

Cooke. — Tablets of Anatomy. 
By Thomas Cooke, F.R.C.S. Eng. 
B.A. l£Sc. M.D. Paris. Fourth Edition, 
being a selection of%he Tablets believed 
to be most useful to Students generally. 
Post 4to. 7 s. 6 d. 

Cox. — The First Century of 
Christianity. By Homkrsham Cox, 
M.A. 8 vo. 12 s. 

Cox. — A General History of 
Greece : from the Earliest Period to the 1 
Death of Alexander the Great; with a 1 
Sketch of the History to the Present 
Time. By the Rev. Sir G. W. Cox, 
Bart., M.A. With 11 Maps and Plans. 
Crown Svo. 7 s. 6 d. 

*** For other Works by Sir G. Cox, 
see * Epochs of llistoif p. 24. 

Creighton. — History of the 
Papacy During the Deformation, i 
By the Rev. M. Creighton, M.A. 
8vo. Vols. I. and II. 1378-1464, 32 s . ; 
Vols. III. and IV. 1464-1518, 24^, j 


Crookes. — Select Methods in 

Chemical Analysis (chicflylnorganic). 
• B)^tLLiA$i Crookes, F.R.S. V.P.C.S. 
With 37 Illustrations. Svo. 24 s. 

C rozier . — Ci viliza tion and PfO. 

• gresS. By John Beattie C rozier. 
New and Cheaper Edition. 8vo. 5 s. 

Crump. — A Short Enquiry into 
the Formation of Political Opinion, 
from the Rtign of the Great Families to 
the 4 dvent|>f Democracy. By Arthur 
Crump. Svo. 7 s. 6d. 0 

Culley. — Handbook \ of Practical 
Telegraphy. By *R. S. Culley, 
M. Inst. C.E. Plates and Woodcuts. 
8vo. i6j. • 

• 

Dante. — The Divine CSiedy of 
Dante Alighieri. Translated verse for 
verse from the Original into Terza Rima. 
By James Innks Minchin. Crown 
8vo. 15^. 

Davidson. — An Introduction to 
the Study of the New Testament , 
Critical, Kxegetical, and Theological. 
By the Rev. S. Davidson, D.D. LL.D. 
Revised Edition. 2 vols. 8vo. 30J. 

Davidson. — Works by William 

L. Davidson , M.A. 

The Logic of Definition Ex- 
plained and Applied. Crown 8vo. 6s. 

Leading and Lmportant English 
Words Explained and Exemplified. 
Fcp. 8vo. 3-r. 6d. 

Decaisne & Le Maout. — A 

General System of Botany . Trans* 
lated from the French of E. Le Maout, 

M. D., and J. Decaisne, by Mrs. 
Hooker ; with Additions by Sir J, D. 
Hooker, C.B. F.R.S. Imp. 8vo, with 
5,500 Woodcuts, 31 s. 6d. 

De Salis. — Works by Mrs . De 

Sal is. 

Savouries A la Mode. Fcp. 8vo» 

il boards, 

EntrI.es A la Mode . Fcp. Svo. 
if. 6 d. boards. 

Soups and Dressed Fish A la 
Mode. Fcp. 8vo. u, 6d. boards. 

Oysters A la Mode . Fcp. 8vo* 

is. 6d. boards. 

Sweets and Supper Dishes Ji la 
Mode. Fcp. 8vo, is* 6d. boards* 
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De Tocqueville. — Democracy in 
AmeiXca. By Alexis* pe T^cqur- 
VILLE. Translated by flENRf'REEVp:? 
C.B. 2 vols. crown 8vo%l6.r. 

Dickinson. — On Renal and . 
Urinary Affections. By W. IIowsii i p 
Dickinson, M.D. Cantab. F.R.C.P. &c. 
With 12 Plates and 122 Woodcuts. 3 
vols. 8vo. £1. 4 s. $rf. 

Dixon. — Rural Bird Life ; Essays 

on Ornithology, with Instructions for 
Preserving Objects relating to that 
Science. By Charles Dixon. With 
45 Woodcuts. Crown 8vo. 5.*. 


Dove. — Domesday Studies: being 

the Papers read at the Meetings of the 
Domesday Commemoration 1886. With 
a Bibliography of Domesday Book and 
Accounts of the MSS. and Printed Books 
exhibited at the Public Record Office and 
at the British Museum. Edited by P. 
Edward Dove, of Lincoln’s Inn, Bar- 
rister-at-Law, Honorary Secretary of the 
Domesday Commemoration Committee. 
Vol. I. 4to. i8j.j Vol. II. 4 to. i8j. 


Dowell. — A History of Taxation 
and Taxes in England from the 
Earliest Times to the Year 1885. 
By Stephen Dowei.l, Assistant Solici- 
tor of inland Revenue. Second Edition, 
Revised and Altered. (4 vols. 8vo.) 
Vols. I. and II. The History of Taxation, 
21 s. Vols. Ill, and IV. The History of 
Taxes, 21 s, 

Doyle. — The Official Baronage 
of England. By James E. Doyle. 
Showing the Succession, Dignities, and 
Offices of every Peer from 1066 to 1885. 
Vols. I. to III. With 1,600 Portraits, 
Shields of Arms, Autographs, &c. 3 vols. 
4to. £5. $s. 

Large-paper Edition, 3 vols. ^15. 15J. 

Doyle. — IVOR A'S BY J. A. Do \ 'L E, 
Fellow of All Souls College, Oxford. 

The English in America: Vir- 
ginia, Maryland, and the Carolinas. 

8 vo. t8 s. 

The English in America: The 
Puritan Colonies, 2 vols. 8vo. 36.?. 


Dublin University Press Series 

4 (The) : a Series of Works undertif^ek 
by the Provost and - Senior Fellows w 
Trinity College, Dublin. 

Abbott’s (T. K.) Codex Rescriptu^ublin- 
ensis of St. Matthew. 4to. 21 s. 

Evangeliorum Versio Ante- 

^ieronymianaex CodiceUsscriano (Dublin- 
ensi). 2 vols, crown 8vo. 2 Ij. 

Bur Aside (W. S.) and Pan ton’s (A. W.) 

Theory of Equations. 8vo.12j.6rf. 
Casey’s^John) Sequel to EuclijPs Elements. 
Orown 8vo. 3*. 6rf. 

Analytical Geometry of the; 
Conic Sections, Crown 8vo. 7 s. 6rf. 
Davies’s (J. F.) Eumenides of -dEschyliiS. 
With Metrical English Translation. 8vo. 
7 s - 

Dublin T ra n si at i on s®; n t o Greek and Latin 
Verse. Edited by R. Y. Tyrrell. 8vo. 
12 s. 6rf. 

Graves’s (R. P.) Life of Sir William 
Hamilton. (3 vols.) Vols. I.'and II. 
8vo. teach lfs. 

Griffin (R. W.) on Parabola, Ellipse, and 
I lypcrbola, treated Geometrically. Crown 
8vo. 6s. " c 

Ilaughton’.s (Dr. S.) Lectures on Physical 
t Geography. 8vo. 15J. 

Hobart’s (W. K.) Medical Language of St. 

* Luke. 8vo. i6j. 

Leslie’s (T. E. Cliffc) Essays in Political 
and Moral Philosophy. 8vo. 10 s. 6 rf. 
Macalister’s (A.) Zoology and Morphology 
of Vertcbrata. 8vo. ioj. 6rf. 
MacCullagh’s (James) Mathematical and 
other Tracts. 8vo. 15 s. 

Maguire’s (T.) Parmenides of C’lato, Greek 
Text with Englflh Introduction, Analysis, 
and Notes. 8vo. ys. 6 d. 

Monck’s (W. H. S.) Introduction to Logic. 
Crown Svo. 5 s. 

Purser’s (J. M.) Manual 01 Histology. Fcp. 

Svo. $s. * 

Roberts’s (R. A.) Examples in the Analytic 
Geometry of Plane Curves. Fcp. 8vo. $s. 
Southey’s (R. ) Correspondence with Caroline 
Bowles. Edited by E. Dowden. 8vo. 14^ 
Thornhill’s (W. J.) The iEneid of Virgil, 
freely translated into English Blank 
Verse. Crown Svo. 7 s. 6rf. 

Tyrrell’s (R. Y.) Cicero’s Correspondence. 

Vols. I. and II. Svo. each I2J. 

— The Acharnians of Aristo- 

phanes, translated into English Verse. 
Crown 8vo. Ss, 6rf. 

Webb’s (T. E.) Goethe’s Faust, Transla- 
tion and Notes. Svo. I2J. 6rf. 

The Veil of Isis : a Series 
of Essays on Idealism. 8vo. lew. 6rf. 
Wilkins’s (G.) The Growth of the Homeric 
Poems. 8vo. 6j. 
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Edersheim. — Works by the Rev a 
Alee ed JSdersh&im , D. D.* 

IJ^iie Life and Times of Jesus 
the Messiah. 2 voli 8vo. 24 s. 
Prophecy and History in rela- 
tion to tub Messiah: the^Varburtbn 
Lectures, delivered at Lincoln’s Inn 
Chapel, 1880-1884. 8vo, 12s.? 

Ellicott. — WORKS' BY C. J. 

ELLICOTT , I). I), Bishop of Gloucester 
and-Bristol. ** 
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A Critical and Grammatical- ~ 
Commentary on St. Paul's Epistles. 
8vo. 

L Corinthians. i6x. 

Galatians. 8 $. 6 d. 

Ephesians. 8j. 6d. 

Pastoral Epistles. iol 6<L 
Piiilippians, Colossians, and Philemon. 

I OX. 6(1. 

Xhessalonians. 7 s. 6d. 

Historical Lectures ckv the Life 
of Our Lord Jesus Christ. 8 vo. i 2 s. 

English Wodhies. Edited by An- 

DREW It A NO, M.A. Fcp. 8vo. 2S. 6 d. 
each. 

Darwin. By Grant Ali.kn.« 
Marlborough. By G. Sain^shury. 
Shaftesbury {The First Fart). By 
H. IJ. Traill. 

Admiral Blake. iBy ^David 

IlANNAY. 

Raleigh. By Edmund Gosse. 
Steele. By Austin Dobson. 
BenJonson. By J. A. Symonds. 
Canning. By %'rank H. Hii.l. 

C LAYER HOUSE. By MOWBRAY 
Morris. 

Epochs of Ancient History. 

io vols. fcp. 8 vo. 2 s. 6 d. each. See p. 24. 

Epochs of Church History. 8 vols. 

fcp. 8vo. 2s. 6 d. each. See p. 24. 

Epochs of Modern History. 

18 vols. fcp. 8vo. 2s. 6 d. each. See p. 24. 

Erichsen. — Works by John Eric 
Erich sen> F.R.S. 

The Science and Art of Sur- 
gery: Being a "ffcatise on Surgical In- 
juries, Diseases, and Operations. With 
984 Illustrations. 2 vols. 8vo. 42X. 

On Concussion of the Spine , Ner- 
vous Shocks , and other Obscure Injuries 
of the Nervous System. Cr. 8vo, ioj. 6 d. 


Ewald. — Works by Professor 
\Hein$hcii Ewald , 4 f Gottingen. 

The Antiquities of Israel. 
Translated from the German by II. £>. 
Solly, M.A. 8vo. 1 2s. 6 d. • 

The History of Israel. Trans, 
lated from the German. 8 vols.„8vo. 
Vols. I. and II. 24X. Vols. Ilf. and 
IV. 2 ix. Vol. V. i8r. Vol. VI. i6x. 
Vol, VII. 2ts. Vol. VIII. with Index 
fo the complete W«rrk. l8x. 

Fairbairn. — Works by Sir W. 
Fair bairn, Hart. C.E. 

A Treatise on Mills and Mill- 

• work \ with 18 Plates and 333 Woodcuts. 

1 vol. 8vo. 25X. # 

Useful Information for Engi- 
neers. With many Plates and Wood# 
cuts. 3 vols. crown 8vo. 3lx. 6 d. 

Farrar . — Language and Lan- 
guages. A Revised Edition of Chapters 
on Language and Families of Speech. By 
F. W. Farrar, D.D. Crown 8vo. 6s. 

Firbank.— The Life and Work of 
Joseph Firbank , J.P. D.L . Rail- 
way Contractor. By Frederick 
McDermott, Banister*at-Law. 8vo. 5x. 

Fitzwygram. — Horses and 

StaBLES. By Major-General Sir F. 
Fitzwygram, Bart. With 19 pages of 

Illustrations. 8vo. 5x. • 

Forbes. — A Course of Lectures 
on Electricity, delivcied l>efore the 
Society of Arts. By George FbRHES, 
M.A. F.R.S. (L. & E.) With 17 Illus- 
trations. Crown 8vo. 5*. 

Ford.-— T he Theory and Practice 
of Archery. By the late Horace 
Ford. New Edition, thoroughly Revised 
and Re written by W. Butt, M.A. With 
a Preface by C. J. Longman;’ M.A. 
F.S.A. 8 vo. 14J. 

Fox.— 7V/£ Early History of 
Charles Jambs Fox. By tht Right 
Hon. Sir G. O. Trevelyan, Bait. 
Library Edilion, 8vo. i8x. 

Cabinet Edition, cr. 8vo. 6s, 

Francis.—;^ Book on Angling; 

or, Treatise on the Art of Fishing in every 
branch ; including full Illustrated llists 
of Salmon Flies. By Francis Francis. 
Post 8vo, Portrait and Plates, 15/. 
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Freeman*— The Historical Geo - 1 Gardiner.— Works by S. R. Gar - 
graphy Op Europe . By tt. A. Free- 
man, D.C.L. With 65 M*>s. £*Vols. 

8vo. 31J. 6 d. 1 


Froude . — Works by James a A. 

Froude , M.A. 

1 % 

The History of England , from 
the Fall of Wolscy to the Defeat of the 
Spanish Armada. 

Cabinet Edition, 1 2 vols. cr. fvo. ^3. I2J. 
Popular Edition, 1 2 vols. cr. l»vo. 2 s. 

Short Studies on Great Sub- 
JBCTS. 4 vols. crown 8vo. 24J. 

CsESAR : a Sketch*. Crown 8vo. 6s. 
The English in Ireland in the 
Eighteenth Century. 3 vols. crown 
8vo. i8j. € 

Oceana; or , England and Her 
Colonies. With 9 Illustrations. Crown 
8vo. 2 s. boards, 2s. 6 d. cloth. 

The English in the West Indies ; 

OR, THE How OF ULYSSES. With CJ 
Illustrations. 8vo. i8j. 

Thomas Carlyle , a History of the 
first Forty Years of his Life, 1795 t0 
1835. 2 vols. 8vo. 32J. 

Thomas Carlyle , a History of His 
Life in London from 1834 to his death in 
l88r. With Portrait engraved on steel. 

2 vols. 8vo. 32*. 

Galloway. — The Fundamental I 
Principlrsof Chemistry Practically j 
Taught by a New Method. By ; 
Robert OXlloway, M.R.I.A. F.C.S. , 
Crown 8vo. 6r. Gd. 

Ganot. — Works by Professor \ 
Ganot. Translated by E. Atkinson, i 
Ph.D, F.C.S. 

Elementary Treatise on Phy - , 
SICS, With 5 Coloured Plates and 923 j 
Woodcuts. Crown 8vo. 15J. 

Natural Philosophy for Gene - 
ral Headers and Young Persons. 
With 2 Plates, 518 Woodcuts, and an 
Appendix of Questions. Cr. 8vo. 7 s, 6 d. 

Gardiner. — Works by Samuel 
Rfl wson Gardiner , LL.D. 
History of England , from the 
Accession of James I. to the Outbreak of 
the Civil War, 1603-1642. Cabinet 
Edition, thoroughly revised. 10 vols. 
crown 8vo. price 6.r. each. 

A History of the Great Civil 
War, 1642-1649. (3 vols.) Vol. I. 

1642-1644. With 24 Maps, 8vo. 21;. 
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Outline of English History- ^ 
b.c. 55-A.d. # i886. With 96 Woodcuts, 
fcp. 8 vo. 2s. 6 d. 

%VFor other Works, see ‘Epochs of 
Modern History,’ p. 24. 
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Gdrrod.— Works by Sir Alfred 
Baring Ghrrod , M.D. F.R.S. 

A Trea ti$£ on Gout and Riieu - 
ma tig Gout {Rheum a toid Arthritis). 
With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations en- 
graved on Wood. 8vo. 2 is. 

The Essentials of Materia 
ITedica and Therapeutics. New 
Edition, revised and aifc&pted to the New 
Edition of the British Pharmacopoeia, 
by Nestor Tirard, M.D. Crown 8vo. 
12 s. 6 d. 

• „ 

Gilkes. — Boys and Masters : a Story 
of School Life. *By A. II. Gilkks, M.A. 
Head Master of Dulwich College. Crown 
8vo. 3*. 6 d. 

Goethe.— Fa ust. A New translation, 

cjpicfly in Blank Verse ; with Introduc- 
tion and Notes. By James Adey Birds, 
B.A. F.G.S. Crown 8vo. I2r. 6 d. 
Faust. The German Text, with an 
English Ljtroduction and Notes for Stu- 
dents. By Albert M. Selss, *M.A. 
Ph.D. Crown 8vo. 5 j. 

Goodeve. — Works by T. M. Good- 
eve , M.A. 

Principles of Mechanics. With 
253 Woodcuts. Crown 8vo. 6 s. 

The Elements of Mechanism. 

With 342 Woodcuts. Crown 8vo. 6 s. 

A Manual of Mechanics : an 

Elementary Text-Book for Students of 
Applied Mechanics. With 138 Illustra- 
tions and Diagrams, and 141 Examples. 
Fcp. 8vo. 2 s. Gd. 

Grant. — The Ethics of Aristotle. 

The Greek Text illustrated by Essays 
and Notes. By Sir Alexander Grant, 
Bart. LL.D. D.C.L. &c. 2 vols. 

8vo. 32J. 

Gray. — Anatomy, Descriptive 
and Surgical.*** By Henry Gray, 
F.R.S. late Lecturer on Anatomy at 
St. George’s Hospital. With 569 Wood- 
cut Illustrations, a large number of 
which arc coloured. Re-edited by T. 
Pickering Pick, Surgeon to St. George’s 
Hospital. Royal 8vo. 36*. 
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Green. — The Works of Thomas 
Hill Green , late Fellow of Balliifl 
College, and Whyte’s Professor 6f Moral 
Philosophy in the University of Oxford. 
Edited by R. L. Nwttleship, Fellow 
of Balliol College, Oxford (3 vols.) 
Vols. I. and II.— Philosophical Works. • 
8vo. i6x. each. • 0 

Greville. — A Journal Df thf. 
Reigns of King George IV. King 
William IV. and *Quern Victoria. 
By the late Charles C. F. Greville, 
Es^. Clerk of the CounSfl to those Sove- !• 
reigns. Edited by Henry tfiSEVK, C.B. j 
D.C.L. Corresponding Member of the ' 
Institute of France. 8 vols. Crown 8vo. 1 
6s. each. (In course of Publication in 
Monthly Volumes.) 

Grove. — Tn$ Correlation of 
Physical Forces. By the Hon. Sir 
W. R. Grove, F.R.S. &c. 8vo. 15X. 

Gwilt. — An Encyclopaedia of 

• Architecture. By Joseph Gwii.t, 
F.S.A. Illustrate* with more than 1,100 
Engravings on Wood. Revised, with 
AltenU>«M/nflrfd Considerable Additions, 
by WAtt Papworth. 8vo. 52 s. 6 d. 

Haggard. — Works by II. .$ider 
Haggard. 

She: A History of Adventure . 

Crown 8vo. 6s. 

Allan Quatrrmain. ^Vith 3 r Illus- 
trations by C. II. M. Krkr. Crown 
8 vo. 6s. 

Hallfcvell- Phillipps.— Outlines of 
the Life of Shakespeare. By J. 0 . 
IlALLl WELL-PnlLLIi’PS, F.RfS, 2 vols. 
Royal 8vo. iox. 6d. 

Harte. — Novels by Bret Harte, 
In the Carquinez Woods. Fcp. 

8vo. is. boards ; is. 6<l. cloth. 

On the Frontier. Three Stories. 
l6mo. ix. 

By Shore and Sedge. Three 
Stories. l6mo. ix. 

Hartwig.— Works by Dr. G. 
Hart wig. 

7 he Sea and its Living Wonders. 
With 12 Plates and 303 Woodcuts. 8vo. 
iox. 6 d. 

The Tropical World. With 8 Plates, 
and 172 Woodcuts. 8vo. iox. 6 d. 

Thf Polar World. With 3 Maps, 

8 Plates, and 85 Woodcuts. 8 vo. iox. 6 d. 
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Hartwig. — Works by Dr, G. 
* Hartwig. — continued. • 

SUBTERRANEAN fVORLD, With 
3 Majft and 80 Woodcuts, 8vo. iox. 6 d. 
The Aerial World, With Map, 
8 Plates, and 60 Woodcuts. 8v<Jt iox. 6d. 

The following bodks are extracted from the 
foregoing works by Dr. Hartwig : — 
Heroes of the Arctic Eegions. 
With J9 Illustrations. Crown 8vo. 2x. 
# cloth 4ctra, gilt edges. 

Wonders of theTropica t. Forests. 
With 40 Illustrations. Crown 8vo. 2x, 
cloth extra, gilt gdges. 

Workers Under the Ground ; 
or, Mines and Mining. With 29 Illus- 
trations. Crown 8vo. 2x. cloth extra, gilt 
edges. • 

Marvels Over Our Heads. With 
29 Illustrations. Crown 8vo. 2x. cloth 
extra, gilt edges, * 

Marvels Under Our Feet. With 
22 Illustrations. Crown 8vo. 2x. cloth 
extra, gilt edges. 

Dwellers in the Arctic Regions. 
With 29 Illustrations, Crown 8vo. 2x. 6d. 
cloth extra, gilt edges. 

Winged Life in the Jropics. 
With 55 Illustrations. Crown 8vo. 2x. 6 d. 
cloth extra, gilt edges. 

Volcanoes and Earthquakes. 

With 30 Illustrations. Crown 8vo. 2x. 6d, 
cloth extra, gilt edges. 

j Wild Animals of the Tropics . 
With 66 Illustrations. Crown 8vo. 3x. 6 d, 
cloth extra, gilt edges. 

Sea Monsters and Sea Birds, 
With 75 Illustrations. Crown 8vo. 2x, 6d, 
cloth extra, gilt edges. 

Denizens of tiie Deep. With 
1 17 Illustrations. Crown 8vo. 2 x, 6d. cloth 
extra, gilt edges. 

H assail. — The Inhalation Treat- 
ment of Diseases of tub Organs of 
Pespira TioN t including Consumption. 
By Arthur Hill Hassall, M.D. 
With 19 Illustrations of Apparatus. Cr, 
8vo. I2x, 6d , 

Havelock. — Memoirs op Sir 
Henry Havelock, \ K.C.B. By John 
Clark Marshman. Crown 8vo, 3X. 6d. 

Hearn. — The Government of Eng- 
land; its Structure and its Development. 
By William Edward IIkarn. Q.C. 
8vo, i6x, 
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Helmholtz. — Works by Pro- j 

FESSOR • HeLMIIOL TZ. ; 

ON THE S&YSA T/ONS OF TkNF. 4^ A 
Physiological Basis for tke Theory 
of AJusic. Royal 8vo. 28j. x 
Popular Lectures on Scientific ■ 
Subjects. With 68 Woodcuts.’ 2 vols. 
CrownSvo. 15*. or separately, 7 s. 6 d. each. 

Herschel. — Outlines of Astro- \ 
NQ&tY. By Sir J. K. # W. Herschel, 1 
Bart. M. A. With Plates anti Diagrams. 
Square crown Svo# I2L • 

Hester’s Venture: a Novel. By 

the Author of ‘The Atelier dti Lys.’ 
Crown 8 vo. 2s. 6 </. 

Hewitt. — The Diagnosis and j 
Treatment of Diseases of IVomi&s, ! 
INCLUDING THE DIAGNOSIS OF PREG • : 

Nancy. By Graily Hewitt, M.l>. 
With 21 1 Engravings. 8vo. 2^. 

Historic Towns. Edited by E. A. 

Freeman, D.C.L. and Rev. William 
H r NT, M.A. With Maps and Plans. 
Crown Svo. p. 6d. each. 

London. By W. E. Loftie. 

Enf.tfr. By E. A. Freeman. 

Bristol. By W. Hunt. 

Oxford. By C. W. Bo ask. 

%* Other Volumes are in preparation. 

Hobart. — Sketches from My Life. 

By Admiral Hobart Pasha. With 
Portrait, thrown 8vo. 7 s. 6 a. 

Holmes.— System of Surgery , 

Theoretical and Practical, in Treatises by 
various Authors. Edited by Timothy 
Holmes, M.A. and J. W. IIulkk. 
F.R.S. 3 vols. royal 8vo. £4. 4J. 

Homer.— The Iliad of Homer , 

1 1 oniometrically translated by C. B. Cay- 
ley. 8 vo. 1 2s, 6d. 

The Iliad of Homer. The Greek 

Text, with a Verse Translation, bv W. C. 
Green, M.A. Vol. I. Books I. -XII. 
Crown 8vo. 6s. 

Hopkins. — Christ the Consoler; , 

a book of Comfort for the Sick. By ' 
Ellice Hopkins. Fcp. 8vo. 2s. 6 d. 1 

Howitt. — Visits to Remarkable 
Places , Old Halls, Battle-Fields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By William 
IIowitt. With 80 Illustrations engraved 
rati Wood. Crown 8vo. p. 


Hudson & Gosse . — The Rotifer a 
or * Wheel- Animalcules.' By C. T. 
Hudson, LL.D. and P, II. Gosse, 
F.R.S. With 30 Coloured Plates. In 6 
Parts. 4to. 19;. 6d. each. Complete-ifr 
2 vols. 4to. £p 1 or. 

Hullah .- j - Works by John Nul- 
lah, LL.D. 

Course of Lectures on the His- 
tory of Modern Music. 8vo. 8l 6d. 

Course of Lectures on the Tran- 
sition Period of Musical History, 

8 vo. icy. 0!/! 

Hume .— ThePiiilosophica l Wor ks 
of David Hume, Edited by T. II. 
Green, M.A.. and the Rev. T. H. 
Grose, M.A. 4 vols. 8vo. 56/. Or 
separately, Essays, 2 vols, 28 j. Treatise 
of Human Nature. 2 \ipls. 28;. 

Huth . — The Marriage of Near 
Kin. considered with respect to the Law 
of Nations, the Result of Experience, 
and the Teachings of Biology. By 
Alfred ll. IIlTh. Royal Svo. 2 is. 

In the Olden Tii^e r ; . a Tale of 

the Peasant War in (ieimapy. By the 
Author of * Mademoiselle Mori.’ Crown 
Svp. 2 s. 6f/. 

IngelQw . — Works by Jean Inge- 
low. 

Poetical Works. Vols. 1 and 2 

Fcp. Svo, ®2jr. * 

Lyrical and Other Poems. Se- 
lected from the Writings of Jf.an 
Inc.elow. Fcp. 8vo. 2 s. 61 cloth plain ; 
3r. cloth gilt. 

j Jackson . — Aid n* Engineering 

! Solution. By Lowis H’A. Jackson, ( 
C.E. With in Diagrams and 5 Wood- 
cut Illustrations. Svo. 2 u. 

i 

! James .— The Long White Moun- 
tain', or, a Journey in Manchuria, with 
an Account of the History, Administra- 
tion, and Religion of that Province. By 
II. E. James, of Her Majesty’s Bombay 
Civil Service. With Illustrations and a 
Map. 1 vol. Svo. 24.L 

Jameson . — Works by Mrs Jame- 
son. 

Legends of tiie Saints and Mar- 
tyrs. With 19 Etchings and 187 Wood- 
cuts. 2 vols. 3 1 j. %/. 

Legends of the Madonna , the 
Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts. I vol. 2 Ij. 

t f Continued on itfxt 
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Jameson.— Works by Mrs. Jame b 

SON — continued. » 

Legends of the Monastic Orders, 
With ii Etchings Ad 88 Woodcuts, 
i vol. 2 IX. 

History of the Saviour , tlisTyp # es 
and Precursors. Completed # by Lady 
Eastlake. With 13 Etchings and ,281 
Woodcuts. 2 vols. 42^. * 

Jeans* — Works by J. Jeans. 

England's Supremacy; its Sources, 
Economics, and Dangers. 8vo. 8x. 6 d. 

Railway Problems : An Inquiry 
into the Economic Conditions of Rail- 
way Wording in Different Countries. 
8vo. I2x. 6 dp 

Jenkin. — Pa pers , L / ter a r r , 

SflEXTIFIC, 6v. By the late FlkEMINO 
Jenkin, F.R.S.S. L. & E. Professor of 
Engineering in thus UnivAsity of Edin- 
burgh.* Edited by Sidney Colvin, M. A. 
and J . A Ewui Ut F. R. S. With Memoir 
by RfJfflWTLouis Stevenson, and 
Facsimiles of Drawings by Fleeming 
Jenkin. 2 vols. 8vo. 32X. 

J oh nson. — The Pa tenter's • Ma x- 
UAL ; a Treatise on the Law and Practice 
of Letters Patent. By J. I on nson and 
}. 11 . Johnson. 8vo. \c 0 T 6 d. 

Johnston.—^ General Diction- 
ary of Geography, Descriptive, Physi- 
calf Statistical, and Historical ; a com- 
plete Gazetteer the World, ^ly Keith 
Johnston. Medium 8vo. 42X. 

Johnstone.-^ Short Introduc- 
tion to the Study of Logic. By 
Laurence Johnstone. Crown 8vo. 
2x. 6 d. 


Jukes. — Works by Andrew Jukes. 
%he New Man and t%ie Eternal 
^LipeX\ Crown 8vo. 6s. 

The Types of Genesis . Crown 

8 vo. 7 x. 6 d. m 

ThA Second Dea th and the Re- 
stitution op$allThixgs. Crown 8vo. 
3x. 6 d. 

The Mystery of the Kingdom. 

1 Crown 8va‘|x. 6 d. 

| Justinian. — The* Institutes of 
i Justinian ; Latin Text, chiefly that of 
| Huschke, with English Introduction, 

Translation, Notgs, and Summary. By 
Thomas C. Saijjbars, M<A. 8vo. ,i8x. 


Kalisch? — Works by M. M. 
• Kalisch, M.A. # ‘ : 

Bible Studies. Part I. The Pro- 
phecies of Balaam. 8vo. iox. 6 d. Part 
II. The Book of Jonah." 8vo. Iox. 6 d.% 
Commentary on the Old Testa- 
ment; with a New Translation. Vol . I, 
Genesis, 8vo. l8x. or adapted for the 
General Reader, 1 2x. Vol. II. Exodus, 
1 5x. or adapted for the General Reader, 
I2x. Vol. III. Leviticus, Part I. i$x. or 
adapted for the General Reader, 8x. 
Vol. IV. Leviticus, Part II. 15X. or 
adapted for the General Reader, 8x. 

! Hebrew Grammar . With Exer- 
| ciscs. Part I. 8vo. I2x. 6 d. Key, 5X, 
j Part II. 1 2 s. 6 d. 


! Kant.— Works byEmmanuelKant. 

Critique of Practical Reason. 
1 Translated by Thomas Kingsmill Abbott, 
I B.D. 8vo. I2x. bd. 

Introduction to Logic , and his 
Essay on the Mistaken Subtilty 
! of the Four Figures. Translated by 
j Thomas Kingsmill Abbott, B.D. With 
a few Notes by S. T. Coleridge. 8vo. 6 s. 

| Kendall.— J Forks by May Ken - 


Jordan. — l F orks by William 
Leighton Jordan , F.R.G.S. 

The Ocean: a Treatise on Ocean 
Currents and Tides and their Causes. 
8vo. 2 ix. 

The New Principles of Natural 
Philosophy. w 13 plates. 8 vo. 2ix. 

The Winds : an Essay in Illustration 
of the New Principles of Natural Philo- 
sophy. Crown 8vo, 2x. 

The Standard of Value, Crown 
$Vo. 5X. 


dall. 

From a Garret . , Crown 8vo. 6s. 
Dreams to Sell; Poems. Pep. 

8vo. 6x, . 

Killick. — Handbook to Mill's 
System op Logic. By the Rev/A. II. 
KillicR, M.A, Crown 8vo. Jx. 6 d. 

j Kirkup. — An Inquiry into Sofia l- 
! ism. By Thomas Kirkup, Author of 

j the Article on ‘ Socialism ; in the * pney- 
j clopivdia Britaiinica.’ Crown 8vo. 5.1-, 

j Knowledge Library. (Set Factor's 

Works, p. 17.) - r 



It 


Catalogue of General axmScjent/f/c Books 


Kolbe .— ^4 Short Text- book of 
Inorgankx Chemistry . Bv Dr. Hjut- 
mann Kolbe. Translate® from^ne 
German by T. S. Humpii|;e, Ph.D. 
With a Coloured Table of Spectra and 
66 Illustrations. Crown 8vo. 7 s. 6 4 . 

Ladd* — Elements*- of Physiolo- 
gical Psychology: a Treatise of the 
Activities and Nature of the Mind from 
the Physical and Experimental Point of 
View. By George T. LadiI With 113 
Illustrations and Diagrams. <8vo, 2f s. 

Lang. — Works by Andrew Lang . j 
Myth , Ritual , 4 nd Religion . 2 

vols. crown 8vo. 2U. 

Custom and Myth; Studios of Early 
Usage and Belief. With 15 Illustrations. 
Crown 8 vo? 7 s. 6 d. 

Letters to Dead Authors. Fcp. 
c 8vo. 6 s. 6 d. 

Pooks and Bookmen. With 2 

Coloured Plates and 17 Illustrations. Cr. [ 
8vo. 6 s. 6<4 1 

Tohnny Nut and the Golden ! 
Goose. Done into English by Andrew j 
Lang, from the French of Charles 
Deulin. Illustrated by Am. Lynen. 
Royal 8vo. ioj. 6 d. gilt edges. 

Ballads of Books. Edited by 
Andrew Lang. Fcp. 8vo. 6 j. 

Larden.— Electricity for Public 
Schools and Colleges. With nu- 
merous Questions and Examples with 
Answers, a*id 214 Illustrations and Dia- 
grams. By W. Larden, M. A. Crown 
8vo. 6 j\ 

Laughton.— Studies in Naval 
History; Biographies. By J. K. 
Laughton, M.A. Professor of Modern 
History at King’s College, London. 

8 vo. ioj. 6 d. 

Lecky. — Works by W. E. II. Lecky. 
History of England in the 
Eighteenth Century. 8vo. Vols. 
I* & H. 1700-1760. 36J. Vols. III. 

& 1 V. 1760-1784. 365. Vols. V. & VI. 
1784-1793. 36J. 

The Historyof European Morals 
from Augustus to Charlemagne. 
2 vols. crown 8vo. i6r. 

Historyof tiie Rise and Influ- 
ence of the Spirit of Rationalism 
in Europe. 2 vols. crown 8vo. i6j. 

Lewes. — The History of Philo- 
sophy % from Thales to Comte. By 
George Henry Lewes, 2 vols, 8vo. 32*. 


Lindt .— Picturesque New Guinea. 

BytJ. W. Lindt, F.R.G.S. With 50’ 

• Full-page Photographic Illustrations re- 
produced by gthe Autotype Company?* 
Crown 4to, 42J. 

Liveingf — Works by Robert Live - 
iNG y M.A. and M.D. Cantab . 
Handbook on Diseases of the 

Skin. « With especial reference to Diag- 
nosis and Treatment. Fcp 8vo. 5*. 
Notes on wie Trea tment of Skin 

Diseases? i8mo. 3 s. 

Lloyd . — A Treatise on Magnet- 
ism , General and Terrestrial. By II. 
Lloyd, D.D. D.C.L. 8vo. ioj. 6 d. 

Lloyd . — The Science of Agricul- 
ture. By F. J. Llo^>, 8vo. 12s. 

Longman. — History of the Life 
and Times of Edward III. By 
William Longman, F.S.A. 4 With 
9 Maps, 8 Plates, and 16 Woodcut^ 2 
vols. 8 vo.«28j. « 

Longman. — Works by Frederick 
W. Longman, BaZfcMkUege, Oxon. 
Chess Openings. Fcp. $vo. 2 s. 6 d. 
Frederick the Great and tiie 
SEVEN Years' War. With 2 Coloured 
Maps. 8vo. 2s. 6 d. 

A New Pocket Dictionary of 
the German and English Lan- 
guages. • Square i8mo. 2 j. 6 d. • 

Longman's Magazine. Published 

Monthly. Price Sixpence. 

Vols. 1-10, 8vo. price 5*e. each. ^ 

Longnpore. — Gunshot Injuries; 

Their' History, Characteristic Features, 
Complications, and General Treatment:*'’ 
By Surgeon-General Sir T. Lonomore, 
C.B., F.R.C.S. With 58 Illustrations. 
8vo, 31*. 6 d. 

Loudon.— Works by J. C. Loudon , 
F.L.S. 

Encyclopaedia of Gardening ; 

the Theory and Practice of Horticulture, 
Floriculture, Arboriculture, and Land- 
scape Gardening. With 1,000 Woodcuts. 
8vo. 2lr. 

Encyclopaedia of Agriculture ; 
the Laying-out, Improvement, and 
Management of Landed Property; the 
Cultivation and l£ftnoiny of the Produc- 
tions of Agriculture. With 1,100 Wood- 
cuts. 8 vo. 2IJ. 

Encyclopaedia of Plants; the 
Specific Character, Description, Culture, 
History, &c. of all Plants found in Great 
, Britain. With 12,000 Woodcuts. 8vo, 42;. 
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Vu])bock. — The Origin of Civili- 

^ZATION AND TUB PRIMITIVE CONDITION 
of Man. By Sir J. Lubbock, Bart. 
V.P. F.R.S. With Illustrations. 8vo. 
i8j. 

Eyall. — The Autobiography of a , 
Slander. By Edna Lyall, Author 
of * Donovan,’ 4 Wc Two,’ &c. • Fcp. 
8vo. is. sewed. 

• 

Lyra Germanica ; Hymns Trans- 
lated from the German by Miss C. 
WlNKWORTH. Fcp. 8V0. 5 -T. • 

Macaulay. — WORK'S and Life of 
Lord Ma ca ula y. 

History of England from the 
Accession of £a mss the Second : 9 
Student’s Edition, 2 vols. crown 8vo. 12 s. 
People’s Edition, 4 vols. crown 8vo. 16 s. 
Cabinef Edition, 8 vols. post 8vo. 48*. 
Library Edition, 5 vols. 8vo. ^4. 

Critical and Histwucai* Ess a ys, 
with Lays of Ancient Rome % in 1 
volume 

Authoriscd^pWWf; crown 8vo. 2s. 6d. or 
3r. 6d. gilt edges. 

Popular Edition, crown 8vo. 2s. 6d. ^ 

Critical and Historical Es^ivs: 
Student’s Edition, 1 vol. crown 8vo. 6s. 
People’s Edition, 2 vols. crown 8vo. 8j. 
Cabiry3t Edition, 4 vols. post %o. 24 s. 
Library Edition, 3 vols. 8vo. 36 j. 

Essays which may be had separ- 
ately price 6 d. each sewed, lx. each cloth : 
Addison and Walpole. 

Frederick the Great® 
fc Croker’s Boswell’s Johnson. 

‘llallam’s Constitutional History. 

Warren Hastings. {3d. sewed, 6d. cloth.) 
The Earl of Chatham (Two Essays). 

Ranke and Gladstone. 

Milton and Machiavelli. 

Lord Bacon. 

Lord Clive. 

Lord Byron, and The Comic Dramatists of 
the Restoration. 

The Essay on Warren Hastings annotated 
by S. Hales, ij. 6d. 

The Essay on Lord Clive annotated by 
H. Courthoi’e Bowen, M.A. 2 s, 6d. 

Speeches : 

People’s Edition, crown 8vo. 3/. 6d. 

Miscellaneous Writings : 

Library Edition, 2 vols. 8vo. 2U. 

People’s Edition, 1 vol. crown 8vo. 4J. 6d. 

[Continued above . 


"Macaulay — Works and I+ife of 
Lqrd Macaulay— ‘ continued. 

• LaY^DF AkciENT ROMF. t &C. 

Illustrated aj G. Scharf, fcp. 4to. lew. 6 d. 

s Popular Edition, 

• fcp. ®to. 6 d. sewed, is. cloth. • 

’ Illustrated by J. R. ^Veguelin, crown 8vo. 
3s. 6d. cloth extra; gilt edges. 

Cabinet Edition, post 8vo. 3J. 6d, 

Annotated Edition, fcp. 8vo. if. sewed ts.6d. 

cloth, or 2* 6d. •loth extra, gilt edges. 
Selection* from pis Writings 
of Lord Macaulay. Edited, with Oc- 
casional Notes, by the Right Hon. Sir 
G. 0 . Trevelyan, Bart. Crown 8vo. 6s. 
Miscellaneous Writings and 
Speeches : 

Student’s Edition, in One Volume, crown 
Svo. 6s. % 

Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols. post 8vo. 24J. 
The Complete Works of Lord # 
Macaulay. Edited by his Sister, Lady 
Trevelyan. 

Library Edition, with Portrait, 8 vols. 
demy 8vo. ^5. 5*. 

Cabinet Edition, 16 vols, post 8vo. ^4. i6j. 
The Life and Letters of Lord 
Macaulay. By the Right lion. Sir 
G. O. Trevelyan, Bart. 

Popular Edition, 1 vol. crown 8vo. 

Cabinet Edition, 2 vols. post 8vo. 

Library Edition, 2 vols, 8vo. 36s. 

Macdonald. — Works by George 
Macdonald , LL.D. 

Unspoken Sermons. T'irst Series. 
Crown 8vo. 3s. 6d. 

Unspoken Sermons. Second Series. 
Crown 8vo. 3 s. 6d. 

The Miracles of Our Lord. 

Crown 8vo. 3s. 6d. 

A Book of Strife , in the form 
of The Diary of an Old Soul: 
Poems. i2mo, 6s. 

Macfarren.-- Works by Sir G. A . 

Macfarren. 

Lectures on Harmony ♦ 8vo. 12s . 
Addresses and Lectures * Crown 
8vo. 6 j. 6 d. 

Macleod. — Works by Henr t D . 
Macleod , M.A. 

The Elements of Economics. In 
2 vols. Vol. I. crown 8V0. ys. 6 d. Vol. 
II. Part i, crown 8vt>. 7 s. 6 d. 

The Elements of Banking . 

Crown 8vo. 5 s. 

The Theory and Practice of 
Banking. Vol. 1 , 8vo. 12& Vol. 11.14/. 
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McCulJoch. — The Dictionary « 

of Commerce and Commercial Na vi- 
gat ion of the late J. Ki McGtfiLocH, c 
of H.M. Stationery OfficA Latest Edi- 
tion, containing the most recent Statistical 
information by A. J. Wilson^ 1 vql. 
medium 8vo. with 1 1 Maps and 30 Charts, |< 
price 63.?. cloth, Sr 70s. strongly half- j 
bound in russia. 

Mademoiselle Mori : a Tale of j 

Modern Rome. By«the .Author of ‘ The 
Atelier du Lys.’ Crown \vo. 2^ 6d. j 

Mahaffy. — A * History of Cl as- j 
S/cal Greer Literature. By the Rev. 

J. P. Mahaffy, M.A. Crown 8vo. | 
Vol. I. Poets, 7 s. 6 d. Vol. II. Prose j 
Writers, 7 s. 6d. j 

Malmesbury. — Memoirs of % an j 

Ex Minister: an Autobiography. By : 
the Earl of Malmesbury, G.C.B. Crown j 
8vo. Js. 6d. ! 

Manning. — The Temporal Mis- 
sion of THE Holy Ghost ; or, Reason ; 
and Revelation. By H. E. Manning, I 
I).D. Cardinal-Archbishop. Crown 8vo, 1 
Ss. 6 d. j 

Martin. — Navigation and Nath- ! 
cal Astronomy. Compiled by StaflT- 
Comniandcr W. R. Martin, R.N. In- : 


^nd Scientific Books 

Maunder’s Treasuries— amiimud. 
Treasury of Knowledge 
Library of Reference. . ComprisjJKj 
an Engli^t Dictionary and GramriQ| 
Universal Gazetteer, Classical Dictionary)# 
Chronology, Law Dictionary, &c. Fey. 
8 vd! 6.r. 

Scientific and Literary Trea- 
sury: a Popular Encyclopedia of Science, 
Literature, and Art. Fcp. 8vo. 6s. 

The Treasury of Bible Know- 
ledge ^ being a Dictionary of the Books, 
Bessons, Places, Events, and other matters 
of which mention is made in Holy Scrip- \ 
ture. By the Rev. J. Ayre, M. A. With 1 
5 Maps, 15 Plates, and 300 Woodcuts. / 
Fcp. 8vo. 6.r. 

%he Treasury of Botany , or 
Popular Dictionary, of the Vegetable 
Kingdom. Edited by J. Lind ley, F. R.S. 
and T. Moore, F.L.S. With 274 Wood- 
cuts and 20 Steel Plates. Two Parts, . 
fcp. 8vo. 12 s. »> 

Max M<ailer<— Works by F *Max 
MOller , M.A. 

Biographical Esc&kS *^ Crown 8 vo . 

7 s. 6 d. • 

Selected Essays on LanCuage , 
r M ythology and Religion. 2 vols. 


structor in Surveying, Navigation, and 
Compass Adjustment ; Lecturer on 
Meteorology at the Royal Naval College, 
Greenwich. Sanctioned for use in the 
Royal Navy by the Lords Commissioners j 
of the Admiralty. Royal 8vo. 1 8.*. 

Martineau — Works by James 
Marti ne a u , D.D. 

Hours of Thought on Sacred 

'J'lirNGS. Two Volumes of Sermons. 

2 vols. crown 8vo. 7 s. 6 d. each. 
Endeavours after the Christian 
Life. Discourses. Crown 8vo. 7s, 6 d. 

Maunder’s Treasuries. 

Biographical Treasury. Recon- 
structed, revised, and brought down to 
the year 1882, by W. L. R. Cates. 
Fcp. 8vo. 6s. 

Treasury of Natural History; 
or, Popular Dictionary of Zoology. Fcp. 
JSvo. with 900 Woodcuts, 6.v. 

Treasury of Geography , ; Physical, 

Historical, Descriptive, and Political. 
With 7 Maps and 16 Plates. Fcp. 8vo. 6*. i 
Historical Treasury : Outlines of 

Universal History, Separate Histories of 
all Nations. Revised by the Rev. Sir G. 
W. Cox, Bart. M.A. Fcp. 8vo. 6.f. 

[Coni timed above. 


t^own 8vo. i6.r. 

Lectures on the Science of Lan- 
guage. 2 vols. crown 8vo. 16 s, 

India, IffiiAT Can it Tea ty/ Us ? 
A Course of Lectut es delivered before the 
University of Cambridge. 8vo. 12s. 6d. 

II in bert Lectures on the Origin 
and Growth of Religion^ as illus- 
trated by the Religions of India. Crown 
8viE 7 s. 6 d. * 

Introduction to the Science m* 

Religion: Four Lectures delivered at the 
Royal Institution. Crown 8vo. 7 s. 6 d. 
The Science of Thought. 8vo. 21 s. 
Biographies of Words, and the 
Home of tuf. Aryas. Crown 8vo. 7 s 6 d. 
A Sanskrit Grammar for Be- 
ginners. New and Abridged Edition, 
accented and transliterated throughout, 
with a chapter on Syntax and an Ap- 
pendix on Classical Metres. By A. A. 
MacDonei.l, M.A. Ph.D, Crown8vo.6*. 

May. — Works by the Right Hon. 
Sir 7 homa s Erskinf. Ma y, K. C. B. 
The Constitutional History of 
England since the Accession of 
George III. 1760-1870. 3 vols. crown 
8 vo. i8j. 

Democracy in Europe ; a History. 

2 vols. 8 vo. 32J. 
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||eath.— I Vo e ns by the Earl of 
Wm^JlfLA TU {Lord Brabazon). 

^WC/al Arrows: Reprinted Articles 
various Social Subjects. Crown’ 8ro. 
Ix. boards, 5 x. cloth. # 
Prosperity or Pauperism * Phy- 
sical, Industrial, and Technical T%ining. 1 
(Edited by the Earl of Meath). .8vo. 5X. 

Melville .—Novels by G. f. Wtn rE > 
Melville. Crown 8v<». ix^egch, boards ; 
is. 6 ( i. each, cloth. 

The Gladiators. Holmtyj House. 

The Interpreter. Kate Coventry. 

f Good (or Nothing. Digby Grand. 

The Queen’s Maries. General Bounce. 

Mendelssohn.— The Letters of 

Felix Mendelssohn. Translated by 
Lady Wallace. 2 vols, crown 8vo. idL 

Merivale. — Works by the Very 
Rev. Charles Merivale , D.D. 
Deny of Ely. 

History of the Romans under 
the Empire, 8 vols.^>ost 8v^). 48X. 

The Pale, of the Roman Repub- 
lic) a ShatfriiiateHy of the Last Century 
tury of the Commonwealth. 1 2mo. 7 x. 6 d. 
General History of Rome from 
b.c. 753 TO a.d. 47 6. Crown 8vo. 7 s. %d. 
The Roman Triumvirates, \yith 
Maps. Fcp. 8vo. 2x. 6 d. 

Meyer. — Modern Theories of 

Che If is try. By Professor Loth a r 
Mevek. Translated, from the Fifth 
Edition of the German, by J*. Phillips 
Hudson, I). Sc. (Lend.) B.Sc. (Viet.) 
F.C.SJt; and W. Caki.kton Williams, 
B.Sc. (Viet.) F.C.% 8vo. i8x. ^ 

WLUI .—Analysis of the Pheno- , 


Miller. — Worns by W, Allen 
• Miller, M.D. LL.D. . 

1 - % The^Rlements of CiAemistr y, 

I TheoreticaJi and Practical. Re-edited, 
with AddlKms, by H. Macleod, F.C.S. 
3 vols. 8vo. 

Tol. f. Chemical Physics, i6x. 

VoJ. II. Inorganic Chemistry, 24X. 
Vol. III. Organic Chemistry, 31X. 6 J. 
An Introduction to the Study 
of Inorganic Chemistry. With 71 
Woodcuts. J Fcp? 8vo. 3X. 6 d. 

Mitchell.—^ Manual of Prac- 
tical Ass a YING . By John Mitchell, 
F.C.S. Revised, with the Recent Dis- 
coveries incorporated* By W. Crookes, 
F.R.S. 8vo. Woodcuts, 31X. 6 d. 

Molasworth. — Marrying and 
Giving in Marriage: a Kovel. By 
Mrs. Molesworth. Fcp, 8vo. 2x. 6 d. 

j Monsell. — Works by the Rev. 

| J. S. B. Monsell , LL.D. 

\ Spiritual Songs for the Sun- 
da re and IIolyda re throughout the 
Year. Fcp. 8vo. 5*. i8mo. 2x, 
j The Beatitudes. Eight Sermons. 

• Crown 8vo. 3*. 6 d. 

j His Presence not His Memory. 

Verses. l6mo. ix. 

M ulhall. — H/stor y of Prices since 
the Year 1850. By Michael G. 
Muliiall. Crown 8vo. 6 x. 

Munk.— Euthanasia ; or, Medical 

Treatment in Aid of an Easy Death. 
ByWiLLiAMMuNK,M.D. hVS.A. Fellow 
and late Senior Censor of the Royal 
College of Physicians, &c. Crown 8 vo. 
4x. 6 d. 


MENA OF THE HUMAN MlND. By 
James Mill. With Notes, Illustra- 
tive and Critical. 2 vols. 8vo. 28x, 

Mill. — Works by John Stuart 
Mill. 

Principles of Political Economy. 

Library Edition, 2 vols. 8vo. 30X. 
People’s Edition, 1 vol. crown 8vo. 5x. 

A System of Logic , Ratiocinative 
and Inductive. Crown 8vo. 5X. 

On Liberty. Crown 8vo. ix. 4 d. 
On Representative Government. 
Crown 8vo. 2x, 

Utilitarianism, ovo. 5X. 
Examination of Sir William 
Hamilton's Philosophy. 8vo. i6x. 
Na ture, the Utility of Religion, 
4ND Theism. Three Essays. 8vo. 5X, 


Murchison . — Works by Charles 
Murchison, M.D. LL.D. 

| A Treatise on the Continued 
Fevers of Great Britain. Revised 
by W. Cayley, M.D. Physician to the 
Middlesex Hospital. 8vo. with numerous 
Illustrations, 25X. 

i Clinical Lectures on Diseases 
of the Liver , Ja undice , and Abdom- 
inal Dropsy. Revised by T. Lauder 
Br unton, M. D. and Sir Joseph Fayrer, 
M . D. 8vo. with 43 Illustrations, 24J .* 

1 Napier .™ The Life of Sir Joseph 
Napier , Bart. Ex-Lord Chancellor 

\ of Ireland. From his Private Corre- 
spondence. By Alex. Charles Ewalp, 
F. S. A. With Portrait on Steel, engraved 
by G. J. Stodart, from a Photograph. 
8vo. 15X. 
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Nelson.— and Df. spa tches 
ofI/oratio , Viscount Nelson. Selected 
and aijjanged by John Knox Laughton, 
M.A. 8 vo. i6.r. » 

Nesbit. — Lays and Legends. By 
*E. Nesbit. Crown 8vo. 51. 

Newman. — Wocks by Cardinal * 
Newman \ 

Apologia pro Vita SuA. Crown 
8vo. 6 s. 

Tiir Idea of •; University refined 

AND ILLUSTRATED. Crown 8vo. 7 S. 

Historical Sketches. 3 vols. 
crown 8 vo. 6j.«each. 

The A rians of the Fourth Cen- 
tury. Crown 8vo. 6 s. * 

D/scus&ons and Arguments on 
Various Subjects. Crown 8vo. 6*. 

An Ess A Y ON THE DEVELOPMENT OF 
Christian Doctrine. Crown 8vo. 6s. 
Certain Difficulties felt by 
Anglicans in Catholic Teaching 
Considered. Vol. 1, crown 8vo. js. 6 d. ; 
Vol. 2, crown 8vo. 5 s. 6 d. 

The Via Media of the Anglican 
Church , illustrated in Lectures 
< 5 ec. 2 vols. crown 8vo. 6s. eacli. 

Essays, Critical and Historical. 

2 vols. crown 8vo. I2 j. 

Ess a ys on Biblical and on Eccle- 
siastical Miracles. Crown 8vo. 6s. 
An Essay in Aid of a Grammar 
of Assent. 7 s. 6 d. 

The Dream of Gerontius. i6ino. 
6 d. sewed. 

Noble . — Hours with a Three- inch 
Telescope. By Captain W. Noble, 
F.R.A.S. &c. With a Map of the Moon. 
Crown 8vo. 4*. 6 J. 

Northcott. — Lathes and Turn- 
ing , Simple, Mechanical, and Ornamen- 
tal. By W. H. Northcott. With 338 
Illustrations. 8vo. i8.r. 

O’Hagan. — Sei. EC tf.d Speeches 
and Arguments of tiie Night 
Honourable ThomasJIaron O' If ag ax. 
Edited by George Teeling. With a 
Portrait. Svo. i6f, 

Oliphant — Novels by Mrs. Oli- 

PHANT. 

Madam. Crown 8vo. is. boards : 
is. 6 d. cloth. 

InTrust.— Crown Svo. is. boards: 
I*, 6 d. cloth. 


Oliver. — Astronomy for Am,<% 

tburs: a Practical Manual of Tele«co> JJj 
Research adapted to Moderate 
ments. Edited by*J. A. WestvvOl 
Oliver^ with the assistance of Erwfc 
Maunder, II. Gruhb, J. E. Gohi .J 
W. F. Denning, W. S. Franks, T. # ?/ 
hj^GER, S. W. Burnham, J. R. Capron, 

T. W. Backhouse, and others. With 
several Illustrations. Crown Svo. p. 6 d. 

Overton.— Life in the English 
Church ( 1660 -1714). ByJ. H. Over- 
ton, JtyT.A. Rector of Epworth. Svo. 14;. 

Owen. — The Comparative Ana- 
tomy and Physiology of th& 
Vertebrate Animals. By Sir' 
Richard Owen, K.C.B. &c. With 1,47^ 
Woodcuts. 3 vols. 8vo. £$. \y. 6 d. 

Paget. — Works by Sir James 
Paget, Bart. F.R.S. D.C.L. &c. 
Clinical Lectures and Essays. 
Edited by F. Howard Marsh, Assistant-. 
Surgeon to St. Bartholomew’sp Hospital. 
8vo. J$s. * 

Lectures %n Surgical Pat ho- . 
logy. Re-edited by the Author and 
W. Turner, with 13 1 

Woodcuts, 21 s. * 

Pasteur. — Louis Pasteur, his Life 
and Labours. By his Son-in-Law. 

• Translated from the French by Lady 
Claud Hamilton. Crown 8vo. p. 6 d. 

Pay en.-j-Zv/) u stria l Ch emistr y ; 
a Manual for Manufacturers and for Col- 
leges or Technical Schools ; a Translation 
of Payen’s ‘ Precis de Chimie Indus- 
trielle.’ Edited by B. II. Paul. With 
698 Woodcuts. Medium 8v<£ 42*. 

Pay*.. — Novels*by James Payn. 

The Luck of the Darrells. Crown 
8vo. ijr. boards; i.r. 6 d. cloth. 

Thicker than Wa ter. Crown 8vo. / 
u. boards ; If. 6 d. cloth. 

Pears. — The Fall of Constanti- 
nople: being the Story of the Fourth 
Crusade. By Edwin Pears, LL.B. 
Barrister-at-Law, late President of the 
European Bar at Constantinople, and 
Knight of the Greek Order of the 
Saviour. 8vo. 1 6 s. 

Pennell. — Our Sentimental Jour- 
ney through France and Italy. 
By Joseph and Elizabeth Rojiins 
Pennell, a Map and 120 Illus- 

trations by Joseph Pennell. Crown 8vo. 
6 s. cloth or vegetable vellum. 

j ' Perring. — Hard Knots in Shake - 

; speare. By Sir Philip Perring, llart, 

1 8 vo. 7 s. 6 (£ 
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Biesse. — The Art of Perfumery , 

Sy and the Methods of Obtaining the Occurs 
gaypf Plants; tfith Instructions for the 
^^Manufacture of Perfumes* &c. By G. 
W. S. Piesse, Ph.D. F.C.S. With 
Woodcuts, square crown Svo. 2 is. 

Pole. — The Theory of th£ Mo - * 
derm Scientific Game of \%hist. 
By W. Pole, F.R.S, Fcp. 8vo. 2 s. 6 di 

Prendergast.— Ireland, from the 

Restoration to the Revolution, 1660- 
1690. By John P. PrendercAst.JSvo. 5s. 

Proctor. Works by R. A. Proctor . 
The Orbs Around Us ; a Series of 
Essays on the Moon and Planets, Meteors 
and Comets. With Chart and Diagrams, 
crown Svo. 5-r. • 

Other WorlBk than Ours ; The 
Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. 
With 14 Illustrations, crown 8vo. 5*. 

The Moon ; her Motions, Aspects, 

Scenery, and Physical«Condit?on. With 
Plates, Charts, Woodcuts, and Lunar 
Photograb^^rjjtm 8vo. 6x. 

Uni vers rwfStars ; Presenting 

Researches into and New Views respect- 
ing the Constitution of the Heav|ns. 
With 22 Charts and 22 Diagrams, Svo. 

I or. 6 d. • 

Larger Star Atlas for the Library, ; 

in 12 Circular Maps, with Introduction ! 
and i Index Pages. Folio, n>r. or Maps 
only, I2r. 6 d. 

Neiv Sj*ar Atlas for the Library, 
the School, and the Observatory, in 12 
Circular Maps (with 2 Index Plates). 
Crown 8vo. 5*. • t> 

Light Science for Leisure Hours ; 

• Familiar Essays on Scientific Subjects, 
Natural Phenomena, &c. 3 vols. crown 

8vo. 5r. each. 

Chance and Luck; a Discussion of 
the Laws of Luck, Coincidences, Wagers, 
Lotteries, and the Fallacies of Gambling 
&c. Crown 8vo. Sr. 

Studies of Venus- Transits ; an 
Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882, 
With 7 Diagrams and 10 Plates. 8vo. Sr. 
Old and New Astronomy. 

*** In course of publication, in twelve 
monthly parts an^^ supplementary sec- 
tion. In each tl^re will be 64 pages, 
imp. 8vo. many cuts, and 2 plates, or one 
large folding plate. The price of each 
part will be 2 s. 6 d. ; that of the supple- 
mentary section, containing tables, index, 
and preface, is. The price of the com- 
plete work, in cloth, 36J. 


•The * KNOWLEDGE’ LIBRARY, Edi- 

ted by Richard A. Proctoj. * 

* Ho 1 faro Be ay Whist: with the 
Laws AJd Etiquette of Whist, 
By R. A. Proctor. Crown 8vo. 5*. 

Home 0 Whist: an Easy Guide to 
Correct Play. By ftfrA. Proctor. i6mo. is. 

The Poetry of Astronomy , A 
Series of Familiar Essays. By R. A. 
Proctor. m Crown 8vo. 6 s. 

Nature Studies. By Grant Allen, 
A. Wilson, T. Foster, E. Clodd, and 
R. A. Proctor. Crown 8vo. 6 j. 

Leisure Tradings* By. E. Clodd, 
A. Wilson, T. Foster, A. C. Run yard, 
and R. A# Proctor. Crown 8vo. 6 j. 

Tim Stars in their Seasons. 
An Easy Guide to a Knowledge of the 
Star Groups, in 12 Large Maps. By R. 
A. Proctor. Imperial 8vo. 5*. 

Star Primer. Showing the Starry 
Sky Week by Week, in 24 Hourly Maps. 
By R. A. Proctor. Crown 4to. 2 s. 6 d, 

The Seasons Pictured in 48 Sun- 
Views of the Earth, and 24 Zodiacal 
Maps, &c. By R. A. Proctor. Demy 
4 to. 5 -r. 

Strength and Happiness, By 
R. A. Proctor. Crown 8vo. 5*. 

Rough IP a ys Made Smooth. Fami- 
liar Essays on Scientific Subjects. By 
R. A. Proctor. Crown Svo. 5*. 

Our Place Among Infinities. A 
Series of Essays contrasting our Little 
Abode in Space and Time with the Infi- 
nities Around us. By R. A. PROCTOR. 
Crown Svo. 5^. 

The Expanse of He a yen. Essays 
on the Wonders of the Firmament. By 
R. A. Proctor. Crown 8vo. 5*. 

The Great Pyramid , Observa- 
tory Tomb , and Temple. With 
Illustrations. Crown 8vo. 6 s. 

Pleasant Ways in Science. By 
R. A. Proctor. Crown 8vo. 6 s. 

Myths and Marvels of Astro- 
nomy. By R. A. Proctor. Cr. 8vo^ 6 s, 

Prothero. — The Pioneers and 
Progress of English Farming. »y 
Rowland E. Prothero. Crown 8vo. 
5 '. 

Pryce. — The Ancient British 
Church : an Historical Essay. By John 
Pryce, M. A. Canon of Bangor. Crown 
Svo, 6 s, 
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Quain’s Elements of Anatomy* 

The Njnth Edition. Re-edited by Ali.en 
Thomson, M.D. LL.D. ?|R.S.S^.& E. # 
Edward Albert Schafer, F.R.S. and 
George Dancer Thane, With up- 
wards of 1,000 Illustrations engraved pn 
Wood, of which many are Coloured, 

2 vols. 8vo. i8j. fttch. 

Quain. — A Dictionary of Medi- 
cine . By Various Writers. Edited by R. 
Quain, M.D. F.R.S. tc. With 138 
Woodcuts. Medium 8vo? 3 if. 6 <i. cloth, 
or 4CW. half-russia; to be had also in 
2 vols. 34J. cloth. 

Reader. — WorIcs by Emily E. 
Reader . 

The Ghost of Brankinshai * and 
other Talcs. With 9 Full-page Illustra- 
tions. Fcp. 8vo. 2 s. 6J. cloth extra, gilt 
edges. 

Voices from Flower- Land, in 
Original Couplets. A Birthday-Book and 
Language of Flowers. i6mo. is.6d. limp 
cloth ; 2s. 6 d. roan, gilt edges, or in vege- 
table vellum, gilt top. 

Fairy Prince Follow-my-Lea d ; 
or, the Magic Bracelet. Illustrated 
by Wm. Reader. Crown 8vo. 2.r. 6 d. 
gilt edges ; or 3*. 6 d. vegetable vellum, 
gilt edges. 

The Three Giants &c. Royal 

i6mo. is. cloth. 

The Model Boy &*c. Royal i6mo. 

if. cloth 

Be Yt Hys who Funds Yt . Royal 
i6mo. is. cloth. 

Reeve. — Cookery and House- 
keeping. By Mrs. Henry Reeve. With 
8 Coloured Plates and 37 Woodcuts. 
Crown 8vo. 5f. 

Rich . — A Dictionary of Roman 
and Greek Antiquities. With 2,000 
Woodcuts. By A. Rich, B.A. Cr. 8vo. 
is. 6d. 

Richardson. — Works by Benjamin 
Ward Richardson , M.D. 

7 he He . a. th of Na tio ns : a Review 
of the Works— -Economical, Educational, 
Sanitary, and Administrative of Edwin 
t - had wig k, C.B. With a Biographical 
Dissertation by Benjamin Ward Rich- 
ardson, M.D. F.R.S. 2 vols. 8vo. 28f. 

The Com monhealth : a Series of 
Essays on Health and Felicity for Every- 
Day Readers. Crown Svo. 6 s. 


Richey* — A Short History OF t/i! 

q/risii People , down to the Date of 
Plantation of Ulster. * By the late A 
Richey, Q.C. LL.D. M.R.I.A. EdtL 
with Notes, by Robert Romney Ka.nJ 
LL.U. M.R.I.A. 8vo. 14s. 

Rilej£ — Athos ; or, the Mountain ot 
the Monks. By Atiielstan Riley, 
M.A. KR.G.S. With Map and 29 
Illustrations. Svo. 2 if. 


Rivers. — Works by Thomas 
R{veKs. 

The Orchard-House . With 

Woodcuts. Crown Svo. 5f. \ 

The Miniature Fruit Garden ; 
or, the Culture of Pyramidal and Bush 
Fruit Trees, with Instructions for Root 
Pruning. With 33 *tfllustrations. Fcp. 
8vo. 4f. 


Roberts . — Greek the Language 
of Christ and His Apostles. By 
Alexander Roberts, D.D. 8vi*. i8j. 

« 1 

Robinson. — The New Arcadia , 
and other FocmitByA. Mary F. 
Robinson. Crowfrkvc*. Ms. 


Roget. — Thesaurus of English 
9 Words and Phrases , Classified and 
.Arranged so as to facilitate the Expression 
of Ideas and assist in Literary Com- 
position. By Peter M. Roget. Crown 
8vo. ly. 6 d. f 

Ronalds. — The Fly- Fisher's 
Entomology. By Alfred Ronalds. 
With 20 Coloured Plates. 8vo. 14J. 

Saintsbury.— Manchester : a Short 
1 1 fstory. By Georg e Saintsbu ry. With 
2 Maps. Crown 8vo. 3f. 6d> «• 


Schafer. — The Essentials of 
Histology , Descriptive and Practi- 
cal. For the use of Students. By E. 
A. Schafer, F.R.S. With 2S1 Illus- 
trations. 8vo. 6f. or Interleaved with 
Drawing Paper, 8f. 6 d. 

Schellen. — Spectrum Analysis 
in its Application to Terrestrial 
Substances, and the Physical Constitu- 
tion of the Heavenly Bodies. By Dr. 
H. Schellen. Translated by Jane and 
Caroline Lassell. Edited by Capt 
W. De W. AatfEY. With 14 Plate: 
(including AngwRrth’s and Cornu’s Maps) 
and 291 Woodcuts. Svo. 3 if. 6 d. 

Scott. — Weather Charts and 
Storm Warnings. By Robert II. 
Scott, M.A. F.R.S. With numerous 
Illustrations. Crown Svo. 6j. 




Seebohm. — Works by Frederic 
Seebohm. 

The Oxford Reformers — J oifiv 
Co let, Erasmus , Aim Thomas More; 
a History of their Fellow- Wdrk. 8vo. 14X.- 
^ThE English Village C\im unify 
Examined in its Relations to the Manorial 
and Tribal Systems, &c, 13 Afaps and’ 

Plates. 8vo. i6x. 

The Era of the Protestant Revo- 
lution* With Map. Fcp. 8vo. 2 s. 6 d. 

• • 

Sen nett. The Mar mi Steam 

Engine ; a Treatise for the use of Engi- 
neering Students and Officers of the 
Royal Navy, By Richard Sennett, 
Engineer-in-Chief of the Royal Navy. 
With 244 Illustrations. 8vo. 21s . 9 

Sewell. — Stories and Tales . 

By Elizabeth M. Sewell. Crown 8vo. 
lx. each, boards ; ix. 6 d. each, cloth plain ; 
2 s. 6 d. each, cloth extra, gilt edges : — 
Amy Herbert. * Margaret Percival. 

The Karl's Daughter. Laneton Parsonage. 
The Experien ce o£J ^ife. | Ursula. 

A Glimps#ftLtffeHvorld. . Gertrude. 

Clcvc Hall. ; Ivors. 

Katharine Ashton. j 

Shakespeare. — Boivdler's Fa- 
mily Shakespeare. Genuine Edition, 
in 1 vol. medium 8vo. large type, with 
6 Woodcuts, 14J. or in & vols. fcp. 8vo. 
IJ. 

Outlines of thf. Life of Shake - 
spears. By J. 0 . Halliwell-Phil- 
Lifrs, F.R.S. 2 vols. Royal 8vo. 
ioj. 6 d. 

Shilling Standard Novels. 

By the Earl or Bracojvsf/rlv. 

Vivian Grey. ; The Young Duke, &c. 
Venetia. Contarini Fleming, &c. 

Tancred. Henrietta Temple. 

Sybil. j Lothair. 

Coningsby. , Endymion. 

Alroy, Ixion, &c. I 

Price is. each, boards ; ti. 6 d. each, doth. 

By G. J. Whyte- Mel ville. 

The Gladiators. ; Holmby House. 

The Interpreter. | Kate Coventry. 

Good for Nothing, j Digby Grand. 

Queen’s Marie^l General Bounce. 

Price ix. each, bofflis; is. 6 d. each, cloth. 

By Robert Louis Stevenson. 

The Dynamiter. 

Strange Case of Dr. Jekyll and Mr. Hyde. 
Price is. each, sewed ; ix. 6 d. each, doth. 

[Continued above. 


Shilling Standard Novels-*’**'- 

Elizabeth M. Sewell. 

^JVniy Aerbert, AGlimpse of the World. 

Gertriile. Ivors. 

Earl’s Daughter. Katharine A^ton. 
The Experience Margaret Percival. 

of Life, Laneton Parsonage. 

Cleve Hall. Ursula. 

Price is. each, boards ; ix. 6 d. each, cloth, 

plain ; 2 s. 6 d. each, doth extra, gilt edges. 

B% An/iiony Trollope. 

The Warden. j Barchester Towers. 

Price is. each, boards; is. 6 d. each, cloth. 

By Bret IIarPe. 

In the Carquinez Woods. ix. boards; 
is.^sd. cloth. 

On the Frontier (Three Stories). I j. sewed. 
By Shore and Sedge (Thtce Stories), ix. 
sewed. 

By Mrs. Olipiiant. 

In Trust. | Madam. 

By James Payn. 

Thicker than Water. 

The Luck of the Darrells. 

Price lx. each, boards ; ix. 6 d. each, doth. 

Short. — Sketch of the History 
of the Church of England to the 
Revolution of 1688. By T. V. Short, 
D.D. Crown 8vo. 7 s. 6 d. 

Smith. — Liberty and Liberalism ; 
a Protest against the Growing Tendency 
toward Undue Interference by the State 
with Individual Liberty, Private Enter* 
prise, and the Rights «f Property. By 
Bruce Smith, of the Inner Temple, 
Barristcr-at-Law. Crown 8vo. 6 s. 

Smith, H. F .—The Handbook; for 
Midwives. By Henry Fly Smith, 
M.B. Oxon. M.R.C.S. late Assistant* 
Surgeon at the Hospital for Sick Women, 
Soho Square. With 41 Woodcuts. 
Crown 8vo, 5x, 

Smith, R. Bosworth. — Car- 

T II AGE AND THE CARTHAGINIANS: By 

R. Bosworth Smith, M.A. Maps, 
Plans, &c. Crown Svo. lor. 6 d. 

Smith, Rev. Sydney.— The Wit 

and Wisdom of the Rev. Sydney 
Smith, Crown 8vo. is. boards ; ix. 6 d. 
cloth. 

Smith, T . — A Manual of Opera - 
tivb Surgery on the Dead Body. 
By Thomas Smith, Surgeon to St. 
Bartholomew’s Hospital. A New Edi- 
tion, re-edited by W. J. Walsham. 
With 46 Illustrations. 8vo. I2x, 
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Southey. — The Poetical Works 
of Robert Southey, with the Author’s 
last Corrections and Additions. 

Svo. with Portrait, 145, • 


Sully. — Works by [ames Sully . 
fiuT?HNEs\ of Psychology , with 

Special Reference to the Theory of Edu* 
cation. ]pvo.^25. 6 d. 


Stanley. - A Familiar His-wry XnF £ AC „ ER > S Handbook oV 
OR Birds. By E. S i ani.ky, D.n. Psychology, on the Basis of • Outlines 

Kcvised and enlarged, v with 160 Wood- of p wchology ,> Crown 8v0 . 6lt u 

cuts. Crown Svo. 65. 


of Psychology.’ Crown 8vo, 6s. 6d. 


Steel. — Works by /. M- Steel , 
MR. C.VS. 

A Treatise o.v the Diseases of 
the Doc. ; being a Manual of Canine 
Pathology. Especially adapted for the 
Use of Veterinary Practitioners and 
Students. With 88 Illustrations. 8vo. 
105 . 6d. € 

A Treatise ok tiie Diseases 

OF THE Ox; being a Manual of Bovine 
Pathology specially adapted for the use 
of Veterinary Practitioners and Students. 
With 2 Plates and 117 Woodcuts. 8vo. 

155. 

Stephen. — Essa vs in Ecclesias- 
tical Biography. By the Right lion. 
Sir J. Stephen, LL.D. Crown 8vo. 

75. 6 d. 

Stevenson. — Works by Robert 
Louis Stevenson. 

A Child's Garden of Verses, j 
Small fcp. 8vo. 55. ! 

The Dynamiter. Fcp. 8vo. is. swd. 

15. 6d, cloth. 

Strange Case of Dr. Jekyll and 
Mr. Hyde. Fcp. 8vo. 15. sewed ; 15. 6 d. 
cloth. 

‘ Stonehenge . 9 — The Dog in 

Health and Disease . By ‘Stone- 
hence.* With 84 Wood Engravings. 
Square crown 8vo. 7 5. 6d. 

The Greyhound. By 4 Stoneh kngk.’ 
With 25 Portraits of Greyhounds, &c, 
Square crown 8vo. 155. 

Stoney. — ■ The Theory of the 

Stresses on Girders and Similar 
Structures. With Practical Observa- 
tions on the Strength and other Properties 
of Materials. By Bindon B. Stoney, 
LL.D. F.R.S. M.I.C.E. With 5 Plates, 
and 143 Illustrations in the Text. Royal 
8vo. 365. 


Supernatural* Religion ; an In- 
quiry into the Reality of Divine Reve- 
lation. Complete Edition, thoroughly 
reviseef. 3 vols. 8vo. 365. * 

Swinburne. — Picture Logic; an 
Attempt to Popularise the Science of 
Reasoning. By A. J. Swinburne, B. A. 
Fbst 8vo. 55. 

Taylor. — Student's Manual of 
the History of India, from the Earliest 
Period to the Present Time. By Colonel 
Meadows Taylor, C.S.I. Crown 8w. 

| 75. 6 d. K 

I Taylor. — An AcRicu *** v Mt Note- 
book : to Assist Candidates in Pre- 
paring for the Science and Art and other 
Examinations in Agriculture. By W. C. 
Ta^ok. Crown 8vo. 25. 6 d. 

Thompson. — Works by D. Green- 
leaf Thompson. 

The Problem of Evil : a ^ Intro - 
duction to the Practical Science;;. 8vo. 

105. 6 d. 

A SVSIKM OF PsvdDOLOGY. 2 VOls. 
8vo. 365. 

Thomson’s Conspectus.— Adapted 
to the British Pharmacopoeia of 1885. 
Edited by Nestor Tirard, M.D. Lond. 
F.R.C.P. New Edition, with an Ap- 
pendix containing notices of some of the 
more important non-official medicines 
and preparations. i8mo. 6s. 

Thomson.— An Outline of the 
Necessary Laws of Thought; a 
Treatise on Pure and Applied Logic. By 
W. Thomson, DJ). Archbishop of 
York, Crown 8vcgr^;. 

Three in Norway. By Two of 

Them, With a Map and 59 Illustra- 
tions on Wood from Sketches by the 
Authors. Crown 8vo, 25. boards ; 25. 6d. 
doth. 
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Todd. — *On Parliamentary Go - 

VERNMBNT IN ENGLAND: its Origft, 
Development, and Practical Operation. 
By Alpheus Todd, aL.D. C.M.ti. 
Librarian of Parliament fi® the Dominion 
of Canada. Second by his Son. 

In Two Volumes — Vol. I& 8 vo. 24 s. 

Xrevelyan. — Works by the Right 
Hon ; Sir G. 0 . Trevel ymn, Bart. 
The Life and Letters of Lord 
Macaulay. • 

Library Edition, 2 vols. 8 vm 361 . 
"Cabinet Edition, 1 vols. crown 8 vo. 
1*. 

Popular Edition, i vol. crown 8 vo. 
6 s. 

The Early History of Charles 
James Fox. Library Edition, 8^0. 1 Si-. 
Cabinet I^ition, crown 8vo, 6 s. * 

Trollope. — Novels by Anthony 

Trollope. 

The Warden. Crown 8vo . is. 

• boards ; is. 6 d. cloth. # 

B arc it ester Tot'ERS. Crown 8 VO . 
IJ. boards ; lx. 6 d. cloth. 

40 - 

Tvriss.-* W orks by Sir Travers 
Tiviss. 

The Rights and Duties 9 f Na- 
tions, considered as Independent Com- 
munities in Time of War. 8vo. 2ix. 
The Rights and Duties of 
• Nations in 'Time o 0 Trace. 8 vo. 

Tync^ll. — Works by John Tyn- 
iMll , F.R.S. Sec. 

Fragments of Science* 2 vols . 

crown 8vo. \ 6 s. 

Hea r a Mode of Motion. Crown 
8vo. 12 s. 

Sound. With 204 Woodcuts . 
Crown 8vo. ioj. 6 d. 

Essays on the Floating- Matter 
OF THE Air in relation to Putrefaction 
and Infection. With 24 Woodcuts. 
Crown 8vo. 7 s, 6 d. 

Lectures on Light, delivered in 
America in 1872 and 1873. With 57 
Diagrams. Crown 8vo. $s. 

Lessons in Electricity at the 
Royal Institution, 1875-76. With 
58 WoodcutgjflCrown 8vo. 2s. 6 d. 

Notes of j^aCourse of Seven 
Lectures on Electrical Pheno- 
mena and Theories , delivered at the 
Royal Institution. Crown 8vo. is. sewed, 
lx. 6(4 cloth. 

\Coniimted above. 


Tyndall. — Works by John Tyn- 
dall, F.R.S. &*C. — Amtinued. 

^kiTEs^oF a Course of Nine Lec- 
turer on Light, delivered at the Royal 
Institution. Crown 8vo. is. sewed, lx. 6 d. 

• cloth. • 

Faraday as+a Discoverer, Fcp, 

8vo. 3x. 6 d. 

Ville. — On Artificial Manures , 

their Chemical Selection and Scientific ' 

# Appl^ation to Agriculture. By Georges 
Ville. Translated and edited by W. 
Crookes, F.R.S. With 31 Plates, 
8vo. 2ix. * 

Virgil. — Publi Vergili Maronis 
Bucolica , Georgica , aEneis ; the 
Works of Virgil, Latin Text, with 
English Commentary #and Index. By 

B. H. Kennedy, D.D. Crown 8vo. 

1 ox. 6 d. 

The aEneid of Virgil. Translated 

into English Verse. By JOHN CONWG- 
ton, M.A. Crown 8vo. 9X. 

The Poems of Virgil. Translated 
into English Prose. By John CONING- 
ton, M.A. Crown 8vo. 9X. 

Vitzthum. — St. Petersburg and 
London in the Years 1852-1864: 
Reminiscences of Count Charles Fred- 
erick Vitzthum von Eckstoedt, late 
Saxon Minister at the Court of St. James’. 
Edited, with a Preface, by Henry REEVE, 

C. B. D.C.L. 2 vols. 8vo. 30X. 

Walker. — The Correct Card; 

or, How to Play at ^Vhist ; a Whist 
Catechism. By Major A. Campbell- 
Walker, F.R.G.S. Fcp. 8vo. 2x, 6 d. 

Walpole. — History of England 
from the Conclusion of the Great 
War in 1815. By Spencer Walpole. 

5 vols. 8vo. Vols. I. and II. 1815-1832, 
36X. ; Vol. III. 1832-1841, l8x.; Vols. IV. 
and V. 1841-1858, 36X, 

Waters. — Parish Registers in 

England: their History and Contents. 
With Suggestions for Securing their better 
Custody and Preservation. By Robert 
K. Chester Waters, B.A. 8vo, 5x. 

Watson. — Marahuna : a Refinance. 
By II. B. Marriott Watson. Crown 
8vo. 6x. 

Watts. — A Dictionary of Chemis- 
try and the Allied Branches of 
other Sciences. Edited by Henry 
Watts, F.R.S. 9 vols. medium 8vo, 
£15, 2x, 6 d, 
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Webb. — Celestial Objects for 
Common * Telescopes, By the Rev. 
T. W. Web*. Map, Plate, Woodcufcs. 
Crown 8vo. 9*. f 

Wellington. — Life of the Duke 
of Wellington. By the Rev. G* R. 
Gleig, M.A. Cro\jj|i 8vo. Portrait, 
6s. ' 

West- Works by Charles West , 

M T.D. &c. Fournier of, and formerly 
Physician to, the Ilofyitaft for Sick 
Children. * ' • 

Lectures on the Diseases of In- 
fancy and Childhood. 8vo, i8r. 
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The Mother's Manual of Chil- 
dren's Diseases. Crown 8vp. 2s. 6d. 

Whately. — English SynonvmS. 
By E. Jane Whately. Edited by her 
Father, R. Whately, D.D. Fcp. 8vo. 
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Whately. — Works by R. Whately , 
D.D. 

Elements of Logic. Crown 8vo. 
4 r . 6 d. 

Elements of Rhetoric. Crown 

8vo. 4-r. 6 d. 

Lessons on Reasoning. Fcp. 8vo. 

is. 6d. 

Bacon's Essays^ with Annotations. 

8vo. ior. 6 d. 

White and Riddle.— ^ La tin-Eng- 
lish Dictionary. By J. T. White, 
D.D, Oxon. and J. J. E. Kiddle, M.A. 
Oxon. Founded on the larger Dictionary 
of Freund. Royal 8vo. 21 s. 

White. — A Concise I, a tin- Eng- 
lish Dictionary, for the Use of Ad- 
vanced Scholars and University Students 
By the Rev. J. T. White, D.D. Royal 
8vo. I2r. 

Whiteing. — The Island: an Adven- 
ture of a Person of Quality ; a Novel. 
By Richard Whiteing. Crown 8vo. 6 s. 

Wilcocks. — The Sea Fisherman. 

Comprising the Chief Methods of Hook 
and Line Fishing in the British and other 
Seas, and Remarks on Nets, Boats, and 
Boating. By J. C. Wilcocks. Pro- 
fusely Illustrated. Crown 8vo. 6s. 

Wilkinson. — The Friendly So- 
ciety Movement: Its Origin, Rise, and 
Growth; its Social, Moral, and Educational 
Influences.— The Affiliated Orders, 
—By the Rev. John Frome Wilkinson, 
M.A. Crown 8vo. 2 s. 6d. 


VjJiWidLVns.—PuLMONARY Consump- 
tion ; ite Etiology, Pathology, and 
Treatment! With an Analysis of 1,000 
Cases tqJExemplify its Duration and 
Modes ofmrre*. By C. J. B. Williams. 
M.D, fBn-KlS. F.R.C.P. and 
# Chari™ Theodore Williams, M.A/ 
M.D. Oxon. F.R.C.P. With 4 Coloured 
Plates^md 10 Woodcuts. 8vo. i6j. 

Williams, — Manual op Tele- 
graphy. By*W. Williams, Superin. 
tendent of Indian Government Telegraphs. 
Illustrated by 93 Wood Engravings. 8vo. 
lor.6r/. 

Willich. — Popular Tables for 
giving Information for ascertaining the 
value of Lifehold, Leasehold, and Church 
Pifcperty, the Public Funds, &c. By 
Charles M. Willich. Edited by 
H. Bence Jones. Crown 8vo. ior. 6 d. 

Wilson. — A Manual of Hea&th- 

SciENCR. ( Adapted for Use in School 
and Colleges, an<f suited to the Require- 
ments of Students preparing for the Ex- 
aminations in IIygierm.of thg, Science 
and Art Department, &c. By Andrew 
Wilson, F.R.S.E. F.L.S. &c. With 
74 illustrations. Crown 8vo. 2s. 6 d. 

Witt.— Works by Prof. Witt. 

Translated from the German by Francks 
Younghu^and. 

The Trojan War. With a Preface 
by the Rev. W. G. Rutuerfor* ^ M.A. 

I lead -Master of Westminster School. 
Crown 8vo. 2s. v 

Myths Of IIellas ;^or, Greek Tales. 
Crown 8vo. 3r. 6 d. 

The Wanderings of Ulysses. 

Crown 8vo. 3*. 6 d. 

Wood. — Works by Rev. J. G. 
Wood, 

Homes Without Hands ; a De- 
scription of the Habitations of Animals, 
classed according to the Principle of Con- 
struction. With 140 Illustrations. 8vo. 
I or. 6 d. 

Insects at Home; a Popular 
Account of British Jkasects, their Struc- 
ture, Habits, and ^rmations. With 
700 Illustrations. Gvo.16s.~6d. 

Insects Abroad ; a Popular Account 
of Foreign Insects, tneir Structure, 
Habits, and Transformations. With 
600 Illustrations. 8vo. ior. 6 d. 

{Continued on next page. 
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Wood . — Works by if by. J. Q. 

Wood —continued, 

Bible Animals ; a DAcription of 
every Living Creatur # meMi oned in the 
Scriptures. With H2<!!lH«tions, 8vo. 
i or. 6 d. ^ • 

Strange Dwellings ; a Description 
of the Habitations of Animal^ abridged 
from * Homes without Hai^s.’ With 
60 Illustrations. CroWta 8vo. 5 s. Popular 
Edition, 4to. 6 d. 

Horse ^nd Man: *thcir Mutual 
Dependence and Duties. With 49 Illus- 
trations. 8vo. 14J. 

Illustrated Stable Maxims . To 

be hung in Stables for the use of Grooms, 
Stablemen, ^nd others who are in fcharge 
of Horses. %3n Sheet, 41. 

Out of Doors ; a Selection of 
Original Articles on Practical Natural 
History. With 11 Illustrations. Crcwn 
8vo. 5-r. 

Petland Revisited. With 33 

Illustrations. t Crown 8vo. 7 s. 6 d. 

The following books are extracted from the 
foregoing works by the Rev. J. G. V^pon : 

Socl 1 l Habit a rroxs and Pai±. \si tic 

Nests. With iS Illustrations. Crown 
8vo. 2.v. doth extra, gilt edges. 

'Pue Branch Builders. With 28 
Illustrations. Crown Svo. 2s. (u(. cloth 
extiJ, gilt edges. 

IVir.f Animals of the Bible. 
With 29 Illustrations. Crown Svo. 3 s. 6d. 
cloth extra, gil^dgcs. • 
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With 23 Illustrations. Crown Svo. $s. 6 d. 
doth extra, gilt edges. 
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Illustrations. Crown Svo. 3*. fk/. cloth 
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Wonderful Nests. With 30 Illus- 
trations. Crown 8vo. 3r. 6 d. cloth extra, 
gilt edges. 

Homes Under the Ground . With 

28 Illustrations. Crown 8vo. 3*. 6d, cloth 
extra, gilt edges. 

— The Lake 
Dwellings of Ireland: or Ancient 
Lacustrine Habitations of Erin, common- 
ly called C^tnnogs. By W. G. Wood- 
Martin, M.R.I.A. Lieut. -Colonel 8th‘ 
Brigade North Irish Division, R.A. 
With 50 Plates. Royal 8vo. 25*. 


Wright. — Hip Disease % in Child- 
hood, , with Special Reference to its-Treat- < 

Vmcnt by Excision. By G. A, Wright, 
B.A. ^l.B.Oxon. F.R.C.S.Eng. With 
48’ Original Woodcuts. 8vo, ior. 6 d. 

Wylie. — History of England 
under Henr^tHe Fourth. By James 
Hamilton Wylie, M.A. one of Her 
Majesty’s Inspectors of Schools. , (2 vols. ) 
Vol. I, crown 8vo. ior. 6d. 
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Wylie. Labour Leisure , and 
Luxury; a Contribution to Present 
Practical Political Economy. By 
Alexander W^ie, of Glasgow. Crown 
8vo. is. 

Youatt.* — Works by William 

• Youatt, 

The Horse. Revised and enlarged 
by W. Watson, M.R.C.V.S. 8vo. 
Woodcuts, 7 s. 6 d, # 

2 he Dog. Revised and enlarged. 

8vo. Woodcuts. 6s. 

Younghusband. — The Story of 
Our Lord , told in Simple Language 
for Children. By Frances Young- 
husband. With 25 Illustrations on Wood 
from Pictures by the Old Masters, and 
numerous Ornamental Borders, Initial 
Letters, &c. from Longmans’ Illustrated 
New Testament. Crown Svo. 2s. 6d. cloth 
plain ; 3s. 6 d. cloth extra, gilt edges. 

Zeller . — Works by Dr. E. 

Zeller. 

History of Eclecticism in Greek 
Philosophy. Translated by Sarah 
F. Alleyne. Crown 8vo. ioj. 6d. 

The Stoics , Epicureans , and 

Sceptics. Translated by the Rev. O. 
J. Reiciiel, M.A. Crown 8vo. l$s. 

Socrates and the Socratic 
Schools. Translated by the Rev. O. J. 
Reiciiel, M.A. Crown 8vo. ior. 6d. 

Plato and tAe Older Academy. 
Translated by Sarah F. Alleyne and 
Alfred Goodwin, B.A.. Crown 8vo. 
x8r. 

The Pre-Socratic Schools : d His- 
tory of Greek Philosophy from the Earliest 
Period to the time of Socrates. Trans- 
lated by Sarah F. Alleyne. 2 vols. 
crown 8vo. 30*. 

Outlines of the History of 
Greek Philosophy. Translated by 
Sarah F. Alleyne and Evelyn 
Abbott. Crown 8vo. ion 6d. 
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